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PREFACE 


Some  three  years  ago  I  was  invited  by  my  publishers 
to  revise  the  third  edition  of  “Wool  Manufacture.”  At 
the  time,  I  had  in  the  press  the  “Finishing  of  Textile 
Fabrics,”  and  was  re-writing  the  second  edition  of  “Colour 
in  Woven  Design.”  I  was  also  occupied  with  re-organ¬ 
ization  work  connected  with  the  Textile  Industries  De¬ 
partment  of  the  Leeds  University,  with  the  extension  and 
fuller  equipment  of  the  Cloth  Finishing  section,  and  with 
the  establishment  of  a  new  section  of  the  Department  for 
technical  instruction  and  research  in  the  Continental 
System  of  Worsted  Yam  Manufacture.  These  under¬ 
takings  completed,  I  proceeded  with  the  revision  of 
“Wool  Manufacture,”  which,  in  the  meantime,  it  had 
become  expedient  to  regard  as  the  elemental  structure 
of  this  treatise. 

The  designation  “Woollen  and  Worsted”  covers  the 
whole  range  of  technicalities,  processes,  and  schemes  of 
mechanism  correlative  to  the  production  of  woollen, 
worsted,  and  union  textiles. 

Re-written  and  amplified  chapters  of  “Wool  Manu¬ 
facture”  have  been  more  fully  illustrated.  Supplementary 
sections  have  been  added  on  wool  scouring  and  drying, 
carding,  condensing,  combing,  drawing  and  spinning  ma¬ 
chinery  and  operations;  the  French  System  of  worsted 
yarn  construction ;  the  principles  of  design  applicable  to 
the  several  grades  and  classes  of  woven  textures  made 
of  wool  and  other  fibrous  substances;  and  recent  de 
velopments  in  the  art  of  manufacturing. 
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Data  and  results  acquired  in  original  technical  research 
and  experimental  investigation  in  the  carding,  combing, 
and  spinning  qualities  of  different  varieties  of  wool  and 
other  textile  fibres  ;  in  woollen,  worsted,  and  mixed  yarn 
structures;  in  fabric  manufacture;  and  in  weaving  me¬ 
chanism,  form  a  substantial  part  of  the  volume. 

Textile  engineering  in  a  work  of  this  character  and 
object  has  chiefly  to  be  considered  as  it  relates  to  effi¬ 
ciency  in  manufacturing  operations  :  but,  clearly,  a  know¬ 
ledge  of  the  construction  and  running  of  the  machinery 
employed  in  converting  the  raw  material  into  yarn,  and 
the  yarn  into  a  woven  and  finished  fabric,  is  essential  and 
invaluable  to  both  manufacturer  and  student.  Recog¬ 
nizing  this,  each  type  of  mechanism  described  is  illus¬ 
trated  by  sectional  drawings,  or  by  views  of  the  whole 
or  part  of  the  machine  of  which  the  mechanism  is  a 
component  motion. 

I  desire  to  acknowledge  the  kindness  of  the  following 
machine  makers  and  textile  engineers :  Messrs,  the  Chad¬ 
wick  Machine  Co.,  Ltd.,  Critchley,  Sharp  and  Tetlow,  Ltd., 
P.  and  C.  Garnett,  Ltd.,  and  S.  Haley  and  Son,  Cleck- 
heaton;  John  Haigh  and  Sons,  Huddersfield;  Geo.  Hat- 
tersley  and  Sons,  Ltd.,  Keighley;  Hall  and  Stells,  Ltd., 
Keighley;  Geo.  Hodgson,  Ltd.,  Bradford;  Hutchinson, 
Hollingworth  and  Co.,  Ltd.,  Dobcross;  J.  and  W.  Mc- 
N aught,  Rochdale;  Petrie  and  Co.,  Ltd.,  Rochdale;  Platt 
Bros,  and  Co.,  Ltd.,  Oldham;  Prince  Smith  and  Son, 
Keighley;  John  Sykes  and  Sons,  Ltd.,  Huddersfield;  Tay¬ 
lor  Wordsworth  and  Co.,  Ltd.,  Leeds;  Wm.  Whiteley  and 
Sons,  Ltd.,  Huddersfield;  and  Wm.  Bywater,  Ltd.,  Leeds; 
and  also  my  indebtedness  to  Mr.  Henry  S.  Clough,  Keigh¬ 
ley;  Mr.  Alex.  Weir,  Convoy,  co.  Donegal;  and  Messrs. 
Platt  Bros,  and  Co.,  Messrs.  Prince  Smith  and  Son, 
Messrs.  Taylor  Wordsworth  and  Co.,  and  Messrs.  Wm. 
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Whiteley  and  Sons,  for  views  and  plans  of  various  sec¬ 
tions  of  woollen  and  worsted  mills. 

My  thanks  are,  moreover,  due  to  the  publishers  for 
the  way  in  which  the  work  has  been  prepared  and 
issued. 

R.  B. 

Leeds, 

February  1915. 
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CHAPTER  I 

MATERIALS 

1.  Methods  of  Diversifying  a  Woven  Fabric — 2.  Textile  Materials  and 
their  Effects  in  the  Woven  Fabrics — 3.  Materials  used  in  Woollen 
and  Worsted  Manufactures — 4.  Wool — 5.  Properties  of  Wools — 
6.  Properties  of  Wools  for  Saxony  Cloths — 7.  Properties  of  Wools 
for  Cheviots — 8.  Properties  of  Wools  for  Worsteds  and  Compari¬ 
son  of  Wools  for  “Woollens”  and  “Worsteds” — 9.  Wools  of 
Different  Countries — 10.  Mohair,  Alpaca,  and  Cashmere — 11.  Wool 
Substitutes — 12.  Noils — 13.  Mungo  and  Shoddy— 14.  Difference 
between  Wool  and  Mungo — 15.  Mungo  Production — 16.  Extract 
Wool— 17.  Flocks— 18.  Cotton— 19.  Silk. 

1.  Methods  of  Diversifying  a  Woven  Fabric. — In  the 
manufacture  of  textiles  the  principal  methods  of  modify¬ 
ing  the  character  of  a  woven  fabric  are  : 

I.  By  the  use  of  a  diversity  of  materials,  e.g .,  wool  and 
mohair,  cotton  and  silk,  etc. 

II.  By  combining  yarns  of  different  counts  and  diameters 
but  composed  of  similar  materials. 

III.  By  blending  fibrous  materials  of  distinct  physical 
and  chemical  properties,  e.g .,  cotton  and  wool,  silk  and 
wool,  ramie  and  wool. 

IV.  By  the  scheme  or  system  of  yarn  construction,  as  for 
example  “woollen”  and  “worsted,”  “self-actor”  spun 
and  “  frame  ”  spun. 

Y.  By  the  employment  of  folded  and  fancy  yarns. 

VI.  By  “  weave  ”  structure. 

VII.  By  the  arrangement  or  grouping  of  yarns  of  differ- 
•ent  colours  in  the  warp,  weft,  or  both  warp  and  weft. 

VIII.  By  varying  the  routine  of  “finishing  ”  the  fabric. 

These  several  methods,  which  are  subjective  to  sub- 
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division  and  yield  many  derivatives,  may  be  briefly  de¬ 
scribed. 

Class  I.  Fibrous  materials  are  of  such  varied  physical 
properties  and  chemical  composition  as  to  produce,  when 
subjected  to  suitable  mechanical  treatment,  yarns  of  distinct 
qualities.  This  feature  is  clearly  distinguishable  in  Sections 
a  and  b,  Fig.  1.  The  yarns  are  of  approximately  the  same 
diameter,  and  the  weave  or  fabric  structure  is  identical  in 
the  two  Sections,  and  the  treatment  in  finishing  after  weav¬ 
ing  is  the  same,  but  Section  a  is  made  of  woollen,  and  Sec¬ 
tion  b  of  mohair  yarns,  demonstrating  the  influence  of 

a  b  a  b 


Fig.  1.  Stripe  in  Woollen  and 
Mohair  Yarns. 

material  on  the  character  of  the  woven  texture.  Should 
worsted  and  silk  yarns  be  similarly  combined  and  in  a 
finer  make  of  fabric,  the  worsted  sections  would  be  clear 
but  lacking  in  lustre,  and  the  silk  sections  would  be 
brighter  and  richer  in  tone  (Figs.  2  and  2 a). 

Class  II.  In  the  use  of  different  counts  of  yarns,  there 
is  an  important  source  of  diversity  of  woven  surface.  Typical 
examples  are  given  in  Figs.  3  and  3 a.  Fig.  3  is  plain 
woven,  but  the  check  pattern  is  quite  marked,  due  to  the 
contrast  in  fineness  of  the  types  of  yarns  combined.  Fig.  3 a 
illustrates  the  same  principle  of  modifying  the  fabric  in  a 
compound  texture  or  one  in  which,  in  accordance  with  the 
plan  of  the  design,  the  several  thicknesses  of  yarns  may  be 
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changed  from  one  side  to  the  other  in  forming  the  pat¬ 
tern. 

Class  III  comprises  what  are  termed  “  cross  dyes  ”  or 
effects  arising  from  the  manufacture  into  one  and  the  same 
texture  of  animal  and  vegetable  fibres  and  therefore  of 
dissimilar  dyeing  properties.  Fig.  4  consists  of  wool  and 
cotton  fibres,  the  darker  or  ground  shade  being  wool  and 
the  lighter  effects  cotton.  This  class  may  be  taken  to  also 
include  piece-dyed  worsted  and  other  fabrics  in  which 
certain  warp  yarns  have  been  prepared  prior  to  weaving 
to  take  definite  colours  in  the  dye  vessel,  and  these  are 
properly  arranged  in  preparing  the  warp,  so  that  one 
process  of  dyeing  may  give  a  striped  style  composed  of 
tAvo  or  more  shades. 

Class  IV.  Wool  may  be  manufactured  into  yarn  on  two 
distinct  systems,  and  each  yields  a  “  type  ”  of  thread  which 
is  capable  of  giving  a  corresponding  type  of  fabric.  Fig.  5 
and  Fm.  ha  are  illustrations  shoAving  the  difference  in  the 
Avoven  surface  of  Avoollen  and  worsted  textures.  The 
Avoollen  (Fig.  5)  is  more  fibrous,  rougher,  and  the  plan  of 
construction  less  distinct  than  in  the  Avorsted.  They  also 
differ  in  quality  of  handle  and  Avearing  characteristics. 

Class  V.  There  are  many  varieties  of  compound  yarns 
consisting  of  threads  of  different  diameters  and  materials, 
as  will  be  subsequently  explained.  These  may  be  utilized 
as  instanced  in  Figs.  6  and  6a,  Avhich  are  plain  woven,  in  ac¬ 
quiring  fancy  styles,  and  a  fabric  of  varied  surface  features. 

Class  VI.  Figs.  7  and  7 a  are  diagonal  patterns  dis- 
tinctly  showing  how  AveaA^e  structure  modifies  the  fabric. 
Thev  are  composed  of  several  textures,  each  Aveave  form¬ 
ing  a  different  effect  and  therefore  a  separate  fabric. 
Specimen  7  comprises  tAvelve  builds  of  texture,  graduating 
from  a  weft  to  aAvarp  twill,  and  Specimen  la  a  number  of 
dissimilar  tAvills  grouped  variously.  Weave  thus  consti¬ 
tutes  one  of  the  principal  sources  of  design  produced  in 
the  loom. 

Class  VII.  Colour  is  a  special  and  important  branch 
of  Avoven  design.  Figs.  8  and  8a  are  ordinary  examples- 
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of  how  the  scheme  of  grouping  or  arranging  the  coloured 
j?arns  in  the  warp,  or  warp  and  weft,  is  capable  of  modify¬ 
ing  the  effect  in  the  fabric.  Only  two  shades  are  used,  yet 
Pattern  8  consists  of  two  effects  in  stripe  form,  and 
Pattern  8a  of  four  effects  in  check  form. 

Class  VIII.  Finishing  routine,  as  performed  in  the 
treatment  of  woollen,  worsted,  and  union  fabrics,  is 
another  modifying  factor  in  the  manufacture  of  textiles. 
See,  for  example,  Figs.  9  and  9a.  They  are  made  from 
the  same  yarn  and  weave  structure,  but  Fig.  9  has  been 
“ clear,”  and  Fig.  9a  “fibrous”  finished.  They  are  not 


Fig.  2.  Worsted  and  Silk  Check. 
White = Silk. 


Fig.  2a.  Worsted  and  Silk 
Stripe.  White  =  Silk. 


recognizable  as  having  been  of  the  same  appearance  and 
technical  characteristics  on  leaving  the  loom. 

2.  Textile  Materials  and  their  Effects  in  the  Woven 
Fabric. — The  materials  used  in  textile  manufacturing 
comprise  fibres  of  an  animal,  a  vegetable,  and  a  mineral 
origin.  Each  class  of  fibre  possesses  specific  properties, 
which,  of  a  necessity,  characterize  the  woven  fabric  in 
which  it  is  used.  The  quality,  softness,  elasticity,  strength, 
and  lustre  of  a  texture  depend,  in  a  primary  and  ultimate 
sense,  on  the  nature  of  the  material  or  materials  em¬ 
ployed  in  its  manufacture.  The  exercise  of  skill  in  the 
operations  of  yarn  construction,  weaving,  and  finishing 
cannot  possibly  produce  a  fine  piece  of  cloth  from  a  coarse- 
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fibred  unkind-handling  material.  In  fact,  the  art  of  manu¬ 
facturing  does  not  consist  in  changing  but  in  retaining- 
the  natural  properties  of  the.  class  of  fibre  utilized:  in 
other  words,  it  consists  in  reducing;  the  material  into  a 
thread-like  form  or  condition,  and  of  converting;  it  into  a 
wearable  or  commercial  fabric  at  a  minimum  detriment  to 
the  original  qualities  of  the  filament.  In  the  routine  of 
manufacture  all  fibres  necessarily  undergo  modification. 
Firstly,  in  scouring  and  dyeing — chemical  action  ;  secondly, 
in  the  processes  of  carding,  combing,  drawing,  and  spin¬ 
ning — mechanical  treatment — where  the  filaments  are 
separated,  re-arranged,  and  twined  finally  together  to  form 


Fig.  3a.  Compound  or  Reversible 
Fabric,  effects  produced  iu  thick 
yams  on  a  ground  consisting 
of  fine  yarns. 

a  yarn  or  thread ;  and  thirdly,  in  the  weaving  and  the  opera¬ 
tions  of  finishing.  Yet  the  natural  properties  of  soundness, 
elasticity,  and  lustre  of  the  raw  material  should  be  present  in 
the  finished  product.  Allowing  this,  it  follows  that  fabrics 
made  of  wool,  hair,  silk,  cotton,  flax,  jute,  mungo,  and 
other  materials  do  not  merely  differ  from  each  other  on 
account  of  having  passed  through  processes  of  manufacture 
somewhat  different  in  character,  but  also,  and  in  a  more 
important  sense,  a  difference  results  in  the  properties  of 
the  woven  fabrics  from  the  special  characteristics  of  the 
materials  of  which  they  have  been  severally  made.  Thus 
a  woollen  cloth,  providing  it  has  been  made  of  a  fair 


WOOLLEN  AND  WORSTED 


<’> 

quality  of  wool,  is  soft  and  full  in  the  hand,  and  possesses, 
in  a  marked  degree,  the  natural  properties  of  the  wool- 
elasticity,  strength,  and  durability;  a  cotton  fabric,  on  the 
other  hand,  although  it  may  be  firm  and  of  fair  tensile 
strength,  is  comparatively  hard  and  lacking  in  elasticity 
and  suppleness.  Fabrics  made  of  silk  are  unequalled  for 
richness,  brilliance,  and  fineness.  Bleached  linen — flax — - 
is  of  surpassing  whiteness.  Cloths  made  partially  or  wholly 
of  such  wool  substitutes  as  mungo,  shoddy,  and  extract, 
possess,  in  a  measure,  some  of  the  qualities  of  all-wool 


Fie.  4.  Worsted  and  Mercerised  Cotton  Stripe: 
I'ioce-dye,  but  the  cotton  in  the  process  not 
affected  by  the  dyes. 


fabrics,  but  are  defective  in  brightness  of  colour  tone, 
soundness,  and  strength. 

Some  typical  examples  are  given  on  Plate  I,  which 
show  how  different  is  the  effect  in  the  texture,  due  to  the 
material  or  class  of  fibre  used. 

Specimen  No.  1  is  made  of  twist  woollen  yarn  (wool 
fibres,  Fig.  1 1 )  in  the  warp,  and  single  yarn  in  the  weft, 
producing  a  thick  fibrous  fabric,  with  the  weave  moderately 
clear  owing  to  the  twisted  or  folded  thread  employed  in 
manufacture.  In  no  other  textile  material,  and  in  this 
structure  of  fabric,  would  there  be  a  like  density  and  sub¬ 
stance. 

In  the  worsted  texture,  No.  2,  there  is  more  distinctive¬ 
ness  of  yarns,  yet  a  degree  of  the  fibrous  quality  is  seen, 



Plate  T 




.  Twist- Warp  Woollen  Fabric.  2.  Botany  Worsted  Fabric, 

i.  Cotton-Warp  and  Worsted-Weft  Fabric.  4.  Linen  Gauze, 

i,  Ramie  Warp  and  Ramie  Weft  Fabric.  6.  Silk  Texture. 
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filling  up  the  interstices  between  the  threads  of  warp  and 
weft. 

Specimen  No.  3 — cotton  warp  and  worsted  weft — clearly 
shows  the  difference  between  a  cotton  thread  and  a  worsted 
thread,  the  fibres  of  the  worsted  spreading  and  those  of 
the  cotton  being  compact :  as  a  result,  more  defined  colour 
effects  are  producible  in  cotton  than  in  woollen  or  worsted 
yarns. 

The  gauze  principle  of  weaving  of  the  linen  (flax  fibre, 
c,  Fig.  12)  sample,  No.  4,  emphasizes  the  distinctness 


Frc;.  5. 


Fig.  5a. 


Fig.  5.  Striped  Woollen  (Cheviot). 
Fig.  5a.  Striped  Worsted  (Botany). 


of  the  warp  and  weft  threads.  The  compactness  of  the 
fibres,  the  solidity,  firmness,  and  roundness  of  the  threads 
are  qualities  which  give  to  linen  textures  clearness  of  figure 
or  design,  as  in  table-covers  and  damasks. 

Specimen  No.  5 — ramie,  fibre  b,  Fig.  12  —  has  similar 
qualities  to  linen,  and  has  a  brightness  of  effect,  both  in 
the  yarn  and  in  the  texture. 

The  prevalent  tone  of  silk  (fibre  e,  Fig.  12),  that  of 
lustre,  is  seen  in  No.  6,  constructed  of  a  mat  weave  to 
develop  this  quality.  No  such  brightness  of  textural  sur¬ 
face  is  obtainable  in  other  classes  of  textile  fibres. 
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It  is  not  necessary  to  multiply  illustrations  of  the 
diversity  of  textile  fabrics  resulting  from  the  manufacture 
of  different  classes  of  filaments ;  for,  in  addition  to  the 
fibres  referred  to,  cashmere,  camel’s  hair,  alpaca,  jute  (d, 
Fig.  12),  China  grass,  and  other  materials  are  made  into 
several  descriptions  of  woven  textures.  Not  only  is  it  prac¬ 
ticable,  however,  to  produce  a  variety  of  fabrics  from  differ¬ 
ent  types  of  fibres  as  shown,  but  also  when  limited  to  the 
use  of  one  class  of  material,  as,  for  example,  that  of  wool. 
Some  wools,  for  instance,  the  finest  Merinoes — Tasmania, 
Port  Philip,  Sydney,  New  Zealand,  Cape,  and  Saxony — are 
suitable  for  the  manufacture  of  high-class  woollens ;  others, 


Fig.  6.  Effects  produced  in  Fig.  6«.  Effects  produced  in 

Fancy  Twist  Yarns.  Curl  and  Knop  Yarns. 

also  Merinoes,  but  of  a  somewhat  longer  staple,  for  Botany 
worsteds;  longer  still  and  not  so  fine  in  the  hair  for  cross¬ 
bred  worsteds;  strong  in  the  fibre  and  of  a  fair  length  for 
cheviots;  long  and  lustrous  in  staple  like  Lincoln  and 
Leicester  for  dress  fabrics,  and  so  on  for  each  distinctive 
class  of  woollen  and  worsted  textures  manufactured. 
Hence,  if  wool  were  the  only  textile  fibre  known,  it  would 
be  possible  by  its  use  to  produce  a  wide  range  of  fabrics 
in  the  same  weave  or  scheme  of  interlacing  warp  and  weft 
and  without  the  aid  of  colour. 

3.  Materials  used  in  Woollen  and  Worsted  Manufactures. 
— The  fibres  used  in  woollen  manufacturing  comprise  wool 
and  wool  substitutes  including  shoddy,  mungo,  extract, 
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flocks,  stockings,  pulled  waste,  and  cotton.  The  better 
qualities  of  Saxony  cloths  are  made  of  fine  Merino  wools, 
the  lower  qualities  of  wool  and  mungo,  or  of  mungo. 
Similarly  the  better  qualities  of  cheviots  and  tweeds  are 
made  of  pure  wool  of  medium  length  of  staple  and  strong 
fibre;  on  the  other  hand, the  inferior  qualities  are  largely 
manufactured  from  shoddy,  pulled  waste,  and  such  wool 


Fig.  7.  Shaded  Diagonal  composed  of  Twelve 
Weave  Structures. 


Fig.  Ici.  Diagonal  consisting  of  Fine 
and  Loose  Weave  Textures. 


substitutes  blended  in  a  way  to  bring  the  fabrics  in  at 
a  marketable  price.  Cotton  is  used  in  several  forms. 
Firstl}7,  it  may  be  blended  with  fine-fibred  wools  to  increase 
the  spinning  length  of  the  material  and  reduce  the  felt¬ 
ing  property  of  the  fabric  as  in  flannel  manufacturing; 
secondly,  to  obtain  a  cheap  yarn  ;  and  thirdly  for  warp  yarn 
as  in  the  union  trade,  the  warp  of  the  fabrics  being  cotton 
and  the  weft  mungo  or  shoddy. 

Wool,  alpaca,  and  mohair  are  the  chief  materials  used 
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in  worsted  manufacturing.  There  is  not  the  same  facility 
in  the  English  system  of  processes  of  worsted  yarn  con¬ 
struction  for  the  use  of  other  fibres  as  in  the  woollen  in¬ 
dustry.  The  Continental  scheme,  which  is  being  increas¬ 
ingly  practised  in  this  country,  does,  however,  in  the  mode 
of  blending,  allow  of  the  use  of  cotton  and  silk  noils  in 
combination  with  wool.  This  will  be  explained  in  a  sub¬ 
sequent  chapter. 

4.  Wool  (see  Fig.  10  and  11). — Wool,  the  natural  pro¬ 
duct  of  the  sheep,  is  the  most  valuable  fibre  used  in  woven, 
knitted,  and  felted  manufactures.  From  the  earliest  times 
it  has  been  employed  in  the  production  of  textile  fabrics. 


Figs.  8  and  8«.  Patterns  due  to  the  methods  of  grouping 
two  shades  of  Warp  and  Weft  Yarns. 

Before  the  invention  of  the  arts  of  spinning  and  weaving, 
the  skin  of  the  sheep,  with  the  wool  on,  was  used  as  a 
garment  or  covering.  By  what  means  it  was  first  con¬ 
verted  into  a  thread  is  not  known.  It  is  said  to  have  been 
performed  in  this  primitive  fashion  :  an  instrument  resem¬ 
bling  an  inverted  spinning  top  was  fixed  near  the  ground 
to  the  peg  of  which  the  prepared  flax  or  wool  was  attached, 
drawn  out  into  a  thread-like  condition,  and  the  “  top  ”  set 
in  motion,  the  spinner  meanwhile  further  attenuating  the 
material  into  which  twine  or  twist  was  being  rapidly  in¬ 
serted.  Such  an  operation  would  result  in  the  spinning  of 
“  lengths  ”  of  weavable  yarn,  and  is  not  unlike,  in  principle, 
the  drafting  and  spinning  on  some  modern  machines. 
Whatever  the  method  originally  devised,  it  is  conclusive 
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that  at  a  very  early  period  in  the  invention  of  the  practical 
arts,  the  soft,  warm,  lustrous,  and  fibrous  quality  of  wool, 
would  recommend  it  to  the  prehistoric  producer  of  woven 
fabrics. 

Wool  has  been  defined  as  a  very  fine  hair.  This  defini¬ 
tion  is  theoretically  correct.  Strictly,  however,  hair  and 
wool  are  two  distinct  fibres.  Thus  while  hair  (that  of  the 
rabbit  and  beaver  for  example,  or  cow  hair  used  in  the 
making  of  low-class  plushes)  is  stiff  and  straight,  wool 
generally  is  curly,  flexible,  elastic,  and  wavy.  When  camel’s 
hair,  and  the  fibre  of  the  Angora  goat  or  mohair,  are  con¬ 
sidered,  then  the  resemblance  which  these  filaments  bear 


Fig.  9.  Tweed  Pattern,  fibre 
removed  from  the  surface 
of  the  fabric. 


Fig.  9«.  Tweed  Pattern  same 
as  fig.  9,  but  fibre  raised 
on  to  the  surface. 


to  wool  is  more  pronounced;  but  even  here  the  same 
disposition  of  straightness  and  stiffness  is  apparent. 

Microscopically,  these  fibres  have  a  different  formation. 
They  are  not  identical  in  physical  structure.  Hair  pos¬ 
sesses  a  comparatively  smooth,  level  surface,  with  the 
marginal  scales  flatter  than  in  the  typical  wool  fibre  in  which 
such  scales  have  free  edges  as  is  noticeable  in  Figs.  10 
and  11.  Both  fibres  are  solid  and  not  tubular  like  cotton. 
When  a  transverse  section  of  the  wool  fibre  is  microscopic¬ 
ally  examined  it  is  seen  to  consist  of  three  distinct  features  : 
(1)  the  marginal  scales;  (2)  the  inner  or  spindle-shaped 
cells  forming  the  principal  part  of  the  filament;  and  (3)  of 
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the  core,  medullary  or  central  cells.  The  lustrous  and 
fulling  properties  of  the  wool  are  due  to  the  uniformity 
and  compactness  of  the  outer  scaly  sheath ;  and  the  elas¬ 
ticity  of  the  fibre  depend  on  the  spindle-shaped  cells. 

The  microscopic  appearance  of  several  wool  fibres  is 
shown  in  Fig.  10  and  Fig.  11.  The  former  have  been 
sketched  from  microscopic  examination,  and  the  latter  are 
photo-micrographs.  In  Fig.  10,  a  is  a  typical  wool  fibre ; 
b ,  mohair;  c,  a  kempy  fibre;  r/,  Merino  wool;  g,  shoddy; 
/,  cashmere,  and  y,  Lincoln  wool.  It  will  be  observed  in 
both  series  of  illustrations  that  the  outer  scales  are  cylin¬ 
drical  in  shape,  completely  encircling  the  fibre,  and  fitting 
within  each  other,  their  free  marginal  edges  more  or  less 
protruding.  These  scales  vary  in  size  and  number  in 
different  wools.  They  arc  the  largest  in  lustre  wools,  of 
which  Lincoln,  Leicester,  and  Romney  Marsh  are  important 
types,  and  the  most  numerous  and  uniform  in  dimensions 
in  the  fine  Merino  wools  of  Australia,  New  Zealand, 
Tasmania,  Cape  Colony,  Argentine,  Saxony,  and  Silesia. 

5.  Properties  of  Wools.  The  term  “clothing”  is  applied 
to  wools  specially  adapted  for  woollen  manufacturing,  dis¬ 
tinguishing  them  from  “  combing  ”  wools  used  in  the  pro¬ 
duction  of  worsted  yarns.  The  properties  relate  to  fine¬ 
ness  of  fibre,  felting,  strength  and  elasticity,  length  of 
staple,  softness  of  handle,  and  purity  of  colour. 

Fineness  of  Fibre.  The  best  class  of  wool  grown  by 
any  breed  of  sheep,  both  in  respect  to  fineness  of  fibre  and 
quality  of  staple,  is  termed  “lamb’s”  on  account  of  its 
being  clipped  when  the  animal  is  about  six  months  old. 
The  second  clip  which  is  a  degree  thicker  in  fibre  and 
longer  and  stronger  in  staple  is  styled  “yearlings,”  and 
all  the  subsequent  growths  are  indiscriminately  designated 
“fleece,”  which  is  still  slightly  coarser  in  the  hair  and  of 
an  increased  length  than  the  first  two  yields.  In  spinning 
high  counts  of  yarns,  it  is  necessary  to  use  wools  having  a 
fine  fibre  and  dense  staple.  Wool  thick  in  the  hair  is  not 
capable  of  being  spun  to  the  same  length  as  a  fine  wool. 
W  hen  it  is  required  to  spin  a  woollen  thread  equal  to  over 
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12,000  yards  to  the  pound,  or  approximately  T^th  part 
of  an  inch  in  diameter,  or,  in  the  case  of  worsted,  a  thread 
to  nearly  six  times  this  number  of  yards  to  the  pound 
(approximately  Yiulh  part  of  an  inch  in  diameter),  obvi¬ 
ously  a  wool  possessing  a  fine  fibre,  and  a  staple  uniform 
in  lenoth  is  essential.  Wools  capable  of  being  spun  into 
threads  of  such  fineness  (amongst  which  may  be  classed 
Tasmania,  Port  Philip,  Cape,  and  South  American) 
are  invaluable  in  making  yarns  for  twisting  purposes,  or 
for  yarns  composed  of  two  or  more  single  threads  and 
technically  described  as  “folded,”  “several  ply,”  or  twist 
threads. 

Felting  Property.  When  a  lock  of  wool  (i.e.,  a 


Fig.  10. 


number  of  fibres)  is  passed  between  the  forefinger  and 
thumb  in  a  reverse  direction  to  the  order  of  growth,  or 
from  the  tip  of  the  lock  to  the  root,  the  external  serra¬ 
tions  or  scales  are  more  or  less  evident.  This  pecu¬ 
liarity  in  the  physical  structure  of  the  fibre  distinguishes 
wool  from  other  materials  employed  in  textile  manu¬ 
facturing.  It  lies  at  the  basis  of  the  milling  or  felting- 
power — the  property  in  wool  which  causes  a  fabric  of 
which  it  is  composed  when  saturated  with  a  soapy  solu¬ 
tion  and  subjected  to  heat  and  pressure,  to  contract  or 
shrink  in  length  and  width,  and  increase  in  thickness, 
substance,  and  density.  For  example,  fine  Saxony  wool,  of 
acknowledged  superior  milling  quality,  contains  on  an 
average  from  2,700  to  2,800  serrations  in  a  lineal  inch  of 
fibre.  The  best  grown  Australian  Merino,  another  wool 
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of  sound  felting  strength,  contains  2,400,  but  Leicester  wool, 
of  comparatively  inferior  felting  quality,  only  1,800  serra¬ 
tions  to  the  inch.  Generally  the  degree  of  felting  power  is 
consistent  with  the  multiplicity  of  serrations,  but  there  are 
exceptional  wools.  Cape  wool,  for  instance,  although  fine 
in  fibre  and  well  serrated  is  not  comparable  with  Saxony 
in  this  property.  It  has  the  physical  structure  of  an  ex- 


A  BCD  E 

Fig.  11.  Typical  Wool  Fibres. 

(A)  Southdown.  (B)  Cheviot.  (C)  Merino.  (D)  Mohair.  (E)  Lincoln. 

cellent  felting  wool,  but  it  is  classed  as  a  secondary  wool 
in  this  particular.  Port  Philip  and  Buenos  Ayres  may 
also  be  contrasted  as  two  wools  which  would,  if  the  mill¬ 
ing  characteristic  depended  solely  upon  the  multiplicity  of 
serrations  in  a  given  length  of  fibre,  be  similar  to  each 
other  in  this  relation.  But,  on  the  other  hand,  they  are 
distinctly  different,  Port  Philip  being  a  wool  of  superior 
felting  and  Buenos  Ayres  only  of  moderate  felting  quality. 
The  causes  to  which  this  property  in  wool  is  due  may 
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be  summarized  as:  (1)  the  number  and  uniformity  of  the 
serrations  or  outer  scales  in  the  fibre- — when  these  are 
chemically  removed  wool  is  rendered  more  or  less  unshrink¬ 
able;  (2)  soundness  and  elasticity  of  staple ;  (3)  density  of 
staple;  (4)  breaking  strain  of  the  fibres;  and  (5)  waviness 
or  crimpiness  of  the  lock — lamb’s  wool  is  the  most  superior 
in  this  characteristic. 

Strength  and  Elasticity.  These  form  two  of  the  most 
important  qualities  of  wool.  The  strength  and  weaving 
properties  of  the  fabric  are  dependent  upon  them.  Whether 


B 
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E  F 

Fig.  12. 

A  =  Cotton. 

b  =  Ramie. 

c  =  Flax. 

d==  Jute. 

E  =  Silk. 

F  =  Artificial 

a  fabric  is  fine  or  coarse,  if  made  of  wool,  it  should  handle 
elastic  and  lofty. 

The  term  elasticity  as  applied  to  wool  denotes  the  power 
it  possesses  to  assume  its  normal  condition  after  being 
subjected  to  pressure.  The  extent  to  which  this  property 
is  present  in  sound  wool  may  be  shown  by  comparing  it 
with  cotton  and  mungo.  If  a  sample  of  good  Egyptian 
cotton  is  taken  in  one  hand,  and  a  sample  of  Australian  or 
New  Zealand  wool  in  the  other,  it  will  be  apparent  how 
superior  the  latter  is  to  the  former  in  point  of  elasticity. 
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As  the  materials  are  pressed  the  cotton  yields  with  a  mini¬ 
mum  amount  of  resistance,  and  is  comparatively  cold  and 
“  unkind  ” ;  the  wool  resists  the  force  applied  and  possesses 
a  soft,  full,  lofty  handle. 

Compare  in  the  second  place  a  union  fabric  made  of 
cotton  warp  and  mungo  weft  with  a  Scotch  cheviot  made 
of  pure  wool.  The  superior  fulness,  elasticity,  and  sub¬ 
stance  of  the  Cheviot  is  immediately  realized  or  appreciated, 
the  natural  strength  and  springiness  of  the  wool  impart¬ 
ing  to  the  texture  qualities  which  are  non-existent  in  the 
cotton  and  mungo  production. 

Length  of  Staple.— This,  as  has  been  indicated,  is  a 
quality  more  requisite  in  certain  classes  of  worsted  than 
woollen-yarn  manufactures.  By  staple  is  meant  a  group  or 
lock  of  fibres,  which  have  grown  together  on  the  animal’s 
body.  “  Staple  ”  varies  from  what  may  be  termed  scarcely 
a  definable  length  in  short  wools  to  from  fifteen  to  twenty 
inches  in  long  wools.  The  finest  wools  as  to  diameter  of 
fibre  are  generally  short  in  staple. 

Wools  are  classed  as  “short,”  “medium,”  and  “long- 
stapled.”  Length  as  well  as  fineness  of  fibre  determines  the 
kind  of  yarn  for  which  a  wool  is  best  adapted.  F  or  example, 
in  making  serge  worsted  yarns  and  in  which  a  compara¬ 
tively  thick  and  strong  thread  is  needed,  a  wool  from  three 
to  five  inches  in  length  may  be  selected,  whereas  for  Saxony 
yarns  the  length  of  the  fibres  may  not  exceed  one  inch.  As 
a  result  of  using  a  long  wool  in  the  former  instance,  a 
more  or  less  lustrous  “  wiry  ”  thread  of  open  structure  is 
formed;  while  in  the  second  instance,  the  short  wool  pro¬ 
duces  a  dense  compact  yarn,  and  of  exceptional  milling 
power  due  to  the  quantity  of  fibres  of  which  it  is  composed. 

The  extent  to  which  wools  vary  in  length  is  shown  in 
Plates  II,  III,  IV  and  Y. 

Other  qualities  of  the  lock  or  staple,  such  as  waviness, 
density,  and  uniformity  of  length  or  otherwise  of  the  fibres 
in  several  specimens  will  be  observed. 

Specimen  1  isatypical  Merino  Lamb’s  (Australian)  notable 
for  its  waviness  of  lock,  fineness  of  fibre,  and  high  spinning 


Plate  II 


TYPICAL  SHOUT-  AND  MEDIUM-  STAPLED  WOOLS  AND  ALPACA. 


1.  Merino  Lamb’s.  Average  length  2". 

2.  Lamb’s  (South  American).  Average  length 

11".  ■ 

3.  Merino  Greasy  Super  Clothing.  Average  length 

21". 

4.  Sussex  Downs.  Average  length  3". 


5.  Alpaca.  Average  length  71". 

6.  Greasy  Fine  Botany.  Average  length  31". 

7.  Cheviot.  Average  length  41". 

8.  Skin  Wool  (Merino).  Average  length  2". 

9.  Greasy  Fine  Cross-bred  (Australian).  Average 

length  3". 
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property.  No.  2  is  a  sample  of  River  Plate  lamb’s,  shorter 
in  growth  and  more  tender  in  staple  than  the  Australian. 
The  short  wools,  used  in  the  manufacture  of  fine  Botany 
yarns,  are  illustrated  in  the  third  specimen  which  is  a  very 
fine-fibred  wool,  dense  and  strong  of  staple,  with  the  indi¬ 
vidual  fibres  of  a  similar  length,  which  is  a  characteristic 
common  to  sound  wools.  The  Sussex  Downs,  so  well 
suited,  on  account  of  its  spinning  qualities,  for  flannels 
and  tennis  fabrics,  is  sketched  in  No.  4.  As  compared  with 
the  greasy  fine  Botany,  No.  6,  it  is  deficient  in  elasticity, 
strength,  and  brightness  of  colour.  The  superior  lustre  of 
the  Botany,  combined  with  the  fibres  in  the  staple  being  of 
a  similar  length,  produces  a  combed  “  top  ”  of  characteristic 
smoothness  and  evenness,  and  one  into  which  but  an  inap¬ 
preciable  number  of  unstraightened  fibres  have  entered. 
There  are  some  points  of  resemblance  between  Nos.  6  and 
9,  but  the  cross-bred  is  neither  so  dense  in  the  lock  nor  so 
fine  in  the  hair  as  the  Botany.  It  is,  however,  a  good 
combing  wool  for  medium  counts  and  qualities  of  yarns. 

In  the  long  wools,  Plate  III,  the  waviness  of  the  lock 
of  fibres  is  pronounced,  but  there  are  fewer  weaves  to  the 
inch,  and  the  fibres  are  stronger,  thicker,  and  straighter. 
The  Lincoln  and  Leicester  “hogs”  possess  curliness  and 
a  degree  of  lustre  almost  comparable  with  mohair.  These 
wools,  because  of  their  exceptional  brightness,  and,  when 
scoured,  snow-white  colour,  are  used  in  the  manufacture 
of  lustre  yarns  for  dress,  curl  texture  and  mantle  fabrics. 
The  Yorkshire  and  Irish  “  hogs,”  Nos.  3  and  6,  are  wools 
of  a  coarser  quality  and  less  lustre,  but  they  are  useful 
in  the  spinning  of  serge  and  Cheviot  yarns  for  suitings  and 
costumes. 

On  comparing  the  mohair  and  alpaca  specimens  it  will 
be  seen  that  these  textile  materials  differ  from  each  other 
in  various  features'.  Structurally  (see  Figs.  10  and  11) 
they  have  a  similar  surface,  but  they  differ  in  fineness,  soft¬ 
ness,  colour,  and  length  of  staple.  As  regards  the  two- 
former  qualities,  alpaca  is  the  superior  material,  but  mohair 
is  the  brighter  in  colour,  the  more  wavy  in  staple,  and  of 
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greater  strength  of  fibre.  As  regards  spinning  property, 
alpaca  may  be  spun  to  the  higher  counts. 

Softness  of  Handle  varies  with  the  quality  of  the 
wool.  It  is  essential  to  the  manufacture  of  fabrics  fine  in 
the  make,  particularly  Saxony  cloths  and  Botany  worsteds. 
In  many  special  types  of  textures  for  rugs,  shawls, 
mantles,  and  costumes  it  is  also  required.  For  serge  and 
Cheviot  fabrics,  fullness,  crispness,  and  elasticity  of  handle 
are  more  important..  Naturally,  for  softness  of  handle,  the 
finest  grown  wools  have  to  be  used,  but  for  those  of  the 
Cheviot  character  coarser-fibred  and  stronger-stapled  wools 
.are  suitable. 

Purity  of  Colour  is  a  sixth  property.  In  piece  dye 
fabrics,  and  other  materials  to  be  dyed  medium  or  dark 
shades,  a  clean  white  colour  is  not  of  such  importance  as 
in  dyeing  bright  and  light  colours.  Some  classes  of  wool 
after  scouring  are  a  pure  white,  free  from  yellow-tinged 
tipped  staples,  and  such  may  be  dyed  evenly  to  the 
brightest  shade.  A  clean  white  is  also  essential  in  wools 
for  yarns  intended  for  use  in  the  undyed  or  scoured  con¬ 
dition.  It  should  be  observed  that  certain  wools,  amongst 
which  may  be  mentioned  some  classes  of  East  Indian, 
Egyptian,  and  Spanish,  also  wool  from  the  black-faced 
breed  of  sheep,  are  not  white  but  fawn,  gray,  or  brown, 
and  are  frequently  spun  into  yarn  and  made  into  cloth  in 
the  natural  shades. 

6.  Properties  of  Wools  for  Saxony  Cloths. — Saxonies  .com¬ 
prise  the  finest  qualities  of  woollen  cloths  in  wool-dyes, 
piece-dyes,  and  fancies.  It  therefore  follows  that  wools 
must  be  employed  with  a  fine  fibre,  a  sound,  short  staple, 
and  of  superior  felting  power.  Nearly  all  classes  of 
Saxonies  are  milled  to  some  degree,  the  wool  and  piece- 
dye  cloths — beavers,  meltons,  doeskins,  etc. — being  ex¬ 
cessively  felted,  while  ordinary  fancies  are  also  run  for  a 
period  in  the  milling  machine  to  obtain  a  firm,  compact 
texture.  In  addition,  the  wools  must  impart  to  the  cloths 
softness  of  handle.  Especially  is  this  required  in  thick- 
felted  raised  overcoating,  rugs,  wraps,  and  even  fine 


Plate  III 


MOHAIR  AND  TYPICAL  LONG-STAPLED  WOOLS. 


1.  Lincoln  Hogs.  Average  length  10J". 

2.  Leicester  Hogs.  Average  length  12". 

3.  Yorkshire  Hogs.  Average  length  10". 

9.  Irish  Hogs. 


4.  Mohair.  Average  length  8". 

5.  English  Greasy  Lustre.  Average  length 

6J". 

Average  length  8". 
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Saxony  costume  fabrics.  Moreover,  there  must  be  density 
of  staple  to  give  the  requisite  raising  quality  which  is 
characteristic  of  what  are  designated  “face  ”  cloths,  which 
are  covered  with  a  nap  of  fibre  developed  after  milling  in 
the  raising  operation.  Lustre  is  also  important  in  these 
wools,  otherwise  the  brightness  of  surface,  which  is  such 
a  feature  of  the  face-finished  fabrics,  could  not  be  satis¬ 
factorily  developed. 

7.  Properties  of  Wools  for  Cheviots. — Here  wools  of  a 
strong,  elastic  staple,  moderately  thick  in  the  hair,  springi¬ 
ness  of  handle,  and  varying  from  three-and-a-half  to  six 
inches  in  the  length  of  fibre  are  suitable.  Though  ordinary 
Cheviots  are  not  milled  to  the  same  extent  as  Saxony 
cloths,  yet  fulling  power  is  valuable  and  necessary  when 
manufacturing  heavy  overcoatings  such  as  Irish  friezes 
and  rugs.  Brightness  and  freshness  of  colouring  being 
distinguishing  features  of  fancy  Cheviot  suitings,  costume, 
and  other  fabrics,  the  wools  require  to  be  of  a  good 
colour,  otherwise  carefully  sorted  to  remove  any  yellow 
locks  before  attempting  to  dye  clean,  bright  shades. 

8.  Properties  of  Wools  for  Worsteds  and  Comparison  of 
Wools  suitable  for  Woollens  and  Worsteds. — Worsted  manu¬ 
facturing  is  divided  into  two  great  branches,  namely, 
Botany  and  Cross-bred  fabrics,  or  fine  and  medium  qualities 
of  textures.  In  the  former  the  finest  wools  are  employed, 
and  in  the  latter  Avhat  are  termed  Cross-bred  wools.  As 
differing  from  the  woollen  trade  the  wools  are  classed  in 
qualities,  30’s,  40’s,  60’s,  70’s,  etc.,  indicating  the  counts 
of  yarns  for  which  they  are  applicable.  It  does  not  neces¬ 
sarily  follow  that  they  are  spun  to  these  counts  as  there 
is  a  margin  both  above  and  below  the  quality  quoted  to 
which  the  wools  may  be  appropriated,  but  it  is  not  sound 
practice  to  spin  to  the  extreme  length  of  the  wool.  Mill¬ 
ing  property  is,  of  course,  of  less  value  than  in  the  woollen 
industry,  but  other  qualities  sought  after  in  clothing 
wools,  such  as  softness,  elasticit}q  and  trueness  of  growth, 
are  all  important.  Purity  of  colour  is  also  essential.  The 
fancy  worsted  trade  is  one  in  which  richness  and  bright- 


24 


WOOLLEN  AND  WORSTED 


ness  of  colour  tone  affect  the  character  of  the  style,  and 
this,  in  either  woollen  or  worsted  manufacturing,  is  only 
obtainable  by  using  wools  which  scour  a  clear  white. 

It  may  be  useful  here  briefly  to  contrast  the  distinctive 
qualities  of  wools  suitable  for  the  typical  worsted  and  the 
typical  woollen. 

Reference  may  be  made,  in  the  first  place,  to  British- 
grown  wools.  1  wo  series  of  specimens  will  be  examined. 

In  specimens  a  to  e ,  Fig.  1,  Plate  IV,  are  represented  the 
long  wools  of  the  Lincoln  and  Leicester  types,  with  lustre, 
waviness,  and  brightness  of  staple,  possessing  some  of  the 
qualities  of  mohair.  These  wools  are  chiefly  suitable  for  the 
construction  of  worsted  yarns  :  some  of  them  could  not  be 
satisfactorily  treated  on  the  woollen  principle  or  on  the 
machines  used  for  woollen  yarn  making.  The  length  of 
the  staple  makes  them  unsuitable  for  yarn  production  by 
means  of  woollen  carding,  which  would  break  up  the 
staple  and  not  be  an  economical  method.  But  that  very 
unsuitability  is  the  cause  of  their  usefulness  as  wools  for 
worsted  yarns,  in  which  the  true  feature  is  evenness  and 
regularity  of  construction.  Generally,  it  is  considered 
desirable  in  the  processes  of  yarn  manufacture  to  retain 
and  not  diminish  the  average  length  of  the  fibre.  York- 
shire  and  Nottingham  samples  of  somewhat  similar 
qualities  are  shown  at  /to  k. 

The  medium  and  shorter-stapled  wools,  Fig.  2,  Plate  IV, 
( British  demi-lustre  and  Southdown  types),  approach  what 
is  understood  as  the  Cheviot  quality  of  material:  a  degree 
of  lustre  is  lost,  but  more  fineness  of  fibre  and  fullness  of 
staple  acquired.  These  and  some  Cross-bred  wools  are 
suitable  for  fabrics  of  the  Cheviot  description,  and  also  for 
cross-bred  worsteds. 

Specimens  of  the  finer  grown  imported  wools  are  illus¬ 
trated  in  Figs.  1  and  2,  Plate  V.  They  show  a  difference 
in  staple  and  fineness  of  fibre  when  compared  with  the 
British-grown  wools,  and  suggest  the  classes  of  fabrics 
for  which  they  may  be  used,  whether  woollen  or  worsted. 

Ju  Fig.  1,  Plate  V,  the  upper  series  (Queensland  and 
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New  South  Wales,  super  combing  and  clothing)  are  suit¬ 
able  either  for  carded  or  combed  yarns. 

The  wools  in  the  second  row  (Queensland  super-lamb, 
Tasmanian  super-fleece,  New  South  Wales  2nd  lambs, 
and  Ercildoune,  1st  quality),  showing  diversity  of  staple, 
may  be  used  for  different  classes  of  manufacturing.  The 
New  South  Wales  2nd  lambs  could  only  be  treated  on 
the  woollen  system  of  yarn  production.  For  worsted- 
yarn  making  on  the  Continental  system,  in  which  the  com¬ 
paratively  short-stapled  wools  of  River  Plate  and  the 
Argentine  are  largely  used,  this  short  length  of  staple 
would  not  be  selected.  The  Ercildoune  is  one  of  the  very 
fine  qualities  suitable  for  spinning  worsted  yarns  of  high 
counts,  approximately  120’s. 

Samples  i,  j ,  k ,  /,  are  cross-bred  wools.  There  is  a 
decided  change  in  the  texture  of  the  staple  when  com¬ 
pared  with  specimens  a  to  A,  the  wools  returning  in  char¬ 
acter  towards  the  coarser  English  breeds. 

The  next  series  of  specimens,  Fig.  2,  Plate  V,  are  Cape 
wools. 

Samples  a,  A,  c,  d ,  are  of  the  Botany  type  for  worsteds : 
e  and  /  of  the  Saxony  or  Merino  type  for  woollens,  being 
shorter  in  staple  and  not  so  suitable  for  combing;  </,  A, 
and  i  are  from  the  Orange  River  Colony,  Merino  wools 
showing  six,  ten,  and  twelve  months’  growth;  the  six 
months’  may  be  used  for  woollen,  and  ten  and  twelve 
months’  for  woollen  or  worsted  yarn  manufacture. 

9.  Wools  of  different  Countries. — Soil,  climate,  food,  and 
skilful  farming  all  affect  the  character  of  the  wool  pro¬ 
duced  by  any  particular  breed  of  sheep.  English  sheep 
imported  into  Australia  in  the  course  of  time  yield  a  finer 
quality  of  wool  than  in  this  country,  the  staple  gradually 
becoming  more  uniform  in  length,  and  the  fleece  evener 
in  fineness  throughout.  The  Downs’  wools  are  said  to  be 
softer  and  cleaner  in  staple  when  the  sheep  graze  on  the 
rich  pasture  land  of  Kent  and  Sussex,  than  if  fed  on  the 
herbage  grown  on  the  more  sandy  soil  of  Norfolk  or  the 
chalk  hills  of  Wiltshire,  where  they  have  found  to  assume 
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a  somewhat  harsh  and  dry  appearance.  Careful  attention 
to  the  animals  is  also  a  cause  to  which  the  growth  of  fine 
wool  is  more  or  less  due.  Formerly  Spanish  wool  was 
esteemed  one  of  the  finest  grown ;  however,  since  the  im¬ 
portation  of  merino  sheep  into  Germany  by  the  Elector  of 
Saxony,  from  Spain,  in  consequence  of  unremitting  care 
having  been  exercised  in  breeding,  etc.,  a  better  wool 
both  as  regards  regularity  of  staple  and  smallness  of  fibre 
and  other  essential  features  has  for  some  period  been  pro¬ 
duced  in  Germany  than  in  the  latter  country. 

German  Merino  Wools  are  fine  in  quality  and  general 
characteristics.  Saxony  and  Silesian  are  the  two  most 
important.  They  are  both  wools  of  excellent  clothing 
properties.  The  fibre  is  fine  and  contains  a  large  number 
of  serrations  to  the  inch ;  staple  short,  strong  and  elastic, 
felting  power  superior,  and  colour  good.  These  wools  are 
used  for  the  finest  woollen  fabrics  where  much  milling  is 
required,  as  in  doeskin  and  similar  fabrics,  also  for-  the 
better  class  of  felts,  such  as  those  applied  to  piano  hammers. 

Colonial  Wool  (see  Plate  V).  Large  as  the  quantity 
of  colonial  wool— from  Australia,  New  Zealand,  Tasmania, 
the  Cape,  and  South  America — shipped  into  this  country  is, 
its  commercial  and  manufacturing  value  can  only  be  under¬ 
stood  when  its  varieties,  qualities,  and  fineness  are  taken 
into  consideration.  British  wools  are  not  suitable  for  the 
purposes  to  which  colonial  merino  wools  are  applicable. 
Some  of  the  principal  of  these  wools  will  be  described. 

Port  Philip,  Sydney,  and  Adelaide  are  three  typical 
Australian  wools  coming  chiefly  to  this  country,  but  also 
in  considerable  quantities  to  Germany,  France,  Belgium, 
and  America.  The  first  of  these  is  one  of  the  most  useful 
avooIs  grown,  and  is  suitable  for  the  best  qualities  of 
yarns,  whether  woollen  or  worsted.  Though  its  fibre  is 
not  so  fine  as  Saxony,  yet  it  is  a  wool  that  spins  well,  and 
generally  makes  a  true  thread.  It  possesses  a  sound  staple 
of  a  fair  length,  while  its  colour  is  invariably  good.  Being 
an  excellent  milling  wool,  it  may  be  employed  in  the 
manufacture  of  fabrics  requiring  a  good  amount  of  felting. 
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Sydney  Wool  usually  possesses  a  fine  fibre  and  a 
medium  length  of  staple,  but  is  occasionally  wanting  in 
strength.  Sometimes  it  is  defective  in  colour,  containing 
yellow  locks,  which  prevent  it  from  being  dyed  into  fight 
shades.  As  the  felting  property  is  high,  it  is  a  wool  that 
may  be  employed  to  advantage  in  making  goods  of  a  doe¬ 
skin  type. 

Adelaide  does  not  compare  favourably  either  with  Port 
Philip  or  Sydney  in  general  character.  While  only  moder¬ 
ately  fine  in  the  hair,  the  staple  is  not  of  a  uniform  length, 
nor  can  the  colour  be  said  to  be  exceptionally  good.  How- 
ever,  it  mills  moderately  well,  and  is  a  fairly  useful  wool 
in  the  manufacture  of  both  woollen  and  worsted  goods. 

Van  Wool,  grown  in  Tasmania,  possesses  many  excel¬ 
lent  clothing  properties,  being  small  in  the  hair,  long  and 
strong  in  staple,  of  a  bright,  snow-white  appearance,  and 
felts  remarkably  well.  It  is  suitable  for  both  combing  and 
carding  purposes. 

The  fibre  of  New  Zealand  Wool  is  moderately  fine, 
the  staple  sound  and  of  a  medium  length,  while  its  colour 
and  milling  properties  are  all  that  can  be  desired.  As  it 
generally  imparts  a  full,  substantial  handle  to  the  woven 
fabric,  it  is  a  wool  highly  esteemed  for  blending  with 
mungo.  It  is  also  largely  used  in  both  woollen  and  worsted 
yarn  production. 

Cape  Wool,  from  the  Cape  Colony,  has  a  fine  fibre,  is 
generally  short  in  staple,  and  rather  deficient  in  strength, 
while  that  known  as  Eastern  Cape,  although  improving  in 
growth  and  quality  may  contain  bright,  dead  fibres,  termed 
ukemps.”  These,  if  not  carefully  picked  out,  as  they  do 
not  dye  along  with  the  healthy  wool,  produce  faculty  places 
in  the  woven  fabric.  It  is  an  indifferent  milling  wool,  but 
possesses  a  fair  colour.  It  is  used  in  the  manufacture  of 
many  varieties  of  fancy  fabrics  in  which  felting  property 
is  not  important.  Sometimes  this  wool  is  also  blended 
with  others  possessing  strength  and  elasticity  of  staple  in 
the  production  of  fine  yarns  for  twisting  purposes. 

The  wool  coming  from  Buenos  Ayres,  South  America, 
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is  usuall}r  fine  in  the  hair,  but  liable  to  be  dirty  and  burry. 
It  also  lacks  strength  and  elasticity  of  staple,  and  is  de¬ 
ficient  in  milling  power.  After  destroying,  by  carbonizing, 
the  burrs,  and  other  vegetable  matter  in  this  wool,  con¬ 
tinental  manufacturers  use  it  largely  in  worsted  yarn  spin¬ 
ning.  River  Plate  Wool  is  of  similar  properties  to 
Buenos  Ayres. 

Odessa  is  an  important  Russian  wool,  with  a  strong 
staple,  fibre  of  medium  thickness,  and  colour  good.  The 
latter  characteristic  occasionally  causes  it  to  be  used  in 
making  yarns  to  be  employed  in  the  white  state.  Aus¬ 
tralian  and  Odessa  wools,  when  blended  together,  pro¬ 
duce  very  satisfactory  cloths.  Odessa  wool  is  also  suitable 
for  a  diversity  of  fancy  woollen  fabrics. 

British  Wools  (see  Plate  IV).  These  are  divided  into 
two  classes — the  long  or  lustre  wools,  and  the  short- 
stapled  wools.  In  the  former  class  are  included  Lincoln, 
Leicester,  Romney  Marsh,  and  the  Black-faced  breed  ; 
while  South  Down,  Hampshire,  Oxford,  and  Norfolk 
Downs,  as  well  as  Cheviot,  Welsh,  Shetland,  and  Irish, 
belong  to  the  short-stapled  and  medium-stapled  classes. 
Lincoln  and  Leicester  are  the  most  important  of  the  lustre 
wools.  Possessing  a  long,  bright,  silky,  and  strong  staple, 
and  also  being  fairly  fine  in  the  hair  and  of  a  good  colour, 
they  are  suitable  for  a  large  variety  of  combed  or  worsted 
yarns.  Leicester  is  somewhat  smaller  in  fibre  than  Lincoln, 
but  its  staple  is  not  so  soft  and  lustrous.  Romney  Marsh 
resembles  Leicester  in  general  properties,  and  is  also  used 
for  similar  textures.  The  Black-faced,  or  Highland  breed 
is,  strictly  speaking,  a  medium  wool,  its  staple  being  of  a 
middle  length  ;  it  is,  however,  technically  classed  as 
“  long.”  This  wool  possesses  a  coarse  fibre  and  varies  very 
much  in  quality.  It  is  applicable  chiefly  to  the  manu¬ 
facture  of  rugs,  Scotch  carpets,  and  blankets. 

Short-Stapled  Wools:  South  Down  is  one  of  the 
more  valuable  short-stapled  wools.  Though  somewhat 
harsh  and  brittle,  it  possesses  a  fine  fibre,  about  one-eleven- 
hundredth  part  of  an  inch  in  diameter.  Its  milling  pro- 
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perty  is  only  moderate.  The  shorter  varieties  of  this  wool 
are  carded  and  made  into  flannels  and  other  light  woollen 
fabrics,  while  the  longer  qualities  are  combed. 

Hampshire  only  differs  from  the  preceding  in  being 
somewhat  longer  and  coarser  in  staple,  while  Oxford 
Downs  is  of  a  more  open  growth  still.  Norfolk  Downs  is 
comparatively  a  fine,  soft  wool,  but  slightly  deficient  in 
strength  and  elasticity.  Cheviot'  is  a  fair  average  wool. 
The  staple  is  of  a  medium  length,  handle  elastic,  fibre 
sound  and  strong,  milling  property  good,  and  colour 
bright.  It  is  employed  in  the  production  of  certain  classes 
of  fancy  woollen  and  worsted  cloths. 

Welsh  Wool,  which  lacks  waviness  of  character,  is 
used  largely  in  the  manufacture  of  the  flannels  of  this 
name.  Shetland  is  not  unlike  Welsh  wool  in  general 
character.  It  is  principally  employed  in  the  fabrication  of 
knit  goods  of  a  shawl  and  neck  wrap  class. 

Irish  Wool  possesses  a  strong,  thick  hair,  is  moderately 
long  in  the  lock  and  is  of  a  fair  colour.  Manufacturers  of 
low  and  medium  class  tweeds,  that  is,  of  fancy  woollen 
cloths  not  requiring  fine-spun  yarns,  find  it  a  useful  wool. 

10.  Mohair ,  Alpaca ,  ancl  Cashmere. — These  are  three 
materials  chiefly  used  in  the  manufacture  of  fabrics  for 
women’s  wear.  Mohair  is  obtained  from  the  Angora 
goat.  Its  staple  is  lustrous  and  silky  in  appearance,  of 
good  length,  and  hangs  in  wavy  ringlets.  The  colour  is  a 
milky  white.  Along  with  woollen  yarns,  it  is  used  in  the 
manufacture  of  Astrakans,  or  fabrics  covered  with  short 
curls.  Another  description  of  textures  in  which  it  is  util¬ 
ized  is  plushes  for  decorative  purposes.  In  such  applica¬ 
tion  lustre  imparts  a  desirable  richness  to  the  pile,  which 
may  vary  from  one-eighth  to  half  an  inch  in  length. 

Alpaca  Wool  is  derived  from  the  Peruvian  sheep,  or 
llama.  Like  mohair,  it  possesses  a  soft,  lengthy  staple, 
but  the  fibre  is  not  so  silky  in  appearance.  It  is  principally 
employed  in  the  production  of  dress  fabrics.  The  natural 
colours  are  white,  brown,  fawn,  and  black.  The  original 
South  American  races  were  skilled  in  the  manipulation  of 
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alpaca;  and  tombs  have  been  discovered  in  Peru,  containing 
materials  woven  or  knitted  of  yarns  made  of  the  wool  of 
the  llama  goat. 

Cashmere  is  another  fibre  commercially  classed  as  wool. 
It  is  the  product  of  the  goats  of  Thibet,  which  are  covered 
with  felted  tufts  of  hair  of  a  black  or  dark-brown 
colour,  underneath  which  grows  a  brownish-grey  down 
that  can  be  separated  with  care.  This  down  is  the  Cash- 
mere  of  commerce.  The  soft,  fine,  silky  texture  of  this 
material  has  caused  it  to  be  appropriated  to  the  manufac¬ 
ture  of  Cashmere  shawls. 

11.  Wool  Substitutes. — In  the  manufacture  of  so-called 
woollen  cloths,  various  materials  are  used  as  substitutes 
for  wool  proper.  The  employment  of  such  fibres  has 
tended  to  cheapen,  to  a  very  considerable  extent,  the  pro¬ 
ductions  of  the  loom,  and  make  it  feasible  to  produce  a 
sound  fabric  at  a  low  price.  In  a  general  sense  trade  has 
been  expanded  by  the  use  of  manufactured  fibres. 

The  following  arc  the  most  important  and  valuable  wool 
substitutes  nowin  use:  noils,  mungo,  shoddy,  extract,  and 
flocks. 

12.  Noils. — Noil  is  the  short,  curly  fibre  removed  in 
combing  wool  for  worsted  yarns.  It  is  therefore  the  pure 
wool.  It  does  not,  however,  possess  the  same  degree  of 
elasticity  and  wavy  fullness  as  the  original  fleece  from 
which  it  is  extracted. 

Noils  are  of  four  classes — Botany,  English,  Mohair,  and 
Alpaca.  The  first  class  is  the  outcome  of  combing  Aus¬ 
tralian  and  other  fine  wools.  The  second  class  is  obtained 
from  English  wools  of  the  Lincoln  and  Leicester  type; 
while  Mohair  and  Alpaca  noils  result  from  combing  the 
fibrous  products  of  the  Angora  and  Alpaca  goats. 

Botany  Noils  are  the  most  valuable.  Such  noils  occupy 
an  important  place  in  the  materials  used  in  the  production 
of  fancy  woollen  fabrics.  They  are  blended  with  wool  in 
making  yarns  for  shawls,  and  are  also  suitable  for  mixing 
with  cotton  in  spinning  fine  twist  threads. 

English  Noils  are  of  a  coarser  and  broader  quality,  but 
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are,  nevertheless,  used  for  similar  purposes  as  Botany,  only 
in  lower  classes  of  manufactures.  Cheviot  fabrics  consume 
a  large  proportion  of  English  noils,  many  cloths  thus  de¬ 
signated  being  made  entirely  of  noil.  Sometimes  these 
noils,  when  used  in  the  black,  are  mixed  with  black 
shoddy,  or  with  shoddy  and  cotton,  the  latter  fibre  assist¬ 
ing  the  materials  to  spin  to  a  greater  length. 

Mohair  and  Alpaca  Noils  are  much  brighter  in  ap¬ 
pearance,  as  well  as  softer  and  more  silky  in  the  hand,, 
than  the  two  preceding  kinds.  They  possess  but  little 
milling  property,  and  are,  therefore,  not  selected  for  cloths 
where  felting  is  essential.  In  combination  with  shoddy 
and  cotton  they  are  spun  into  weft  yarns  for  low  grades 
of  fabrics.  One  important  branch  of  industry  for  which 
these  noils  are  useful  is  that  of  the  Scotch,  or  Kidder 
carpet  manufacture.  As  the  chief  essentials  in  yarns  in¬ 
tended  for  this  application  are  strength,  brightness,  and 
thickness,  Alpaca  and  Mohair  noils  are  suitably  adapted 
to  their  production. 

13.  Mungo  and  Shoddy. — Although  these  materials  are 
obtained  from  different  sources,  yet,  as  the  mechanical 
operations  through  which  the  rags  pass  are  practically  the 
same,  they  may  be  considered  together.  Both  fibres  are 
wool  products,  being  obtained  solely  from  woollen  cloths. 
Mungo  is  the  result  of  grinding  into  a  soft,  fibrous  form 
rags  of  a  hard  character,  such  as  milled  cloths,  whereas 
shoddy  originates  from  soft  rags  of  the  blanket  class,  and 
also  from  knitted  goods.  There  are  two  descriptions  of 
mungo — new  and  old.  The  former  is  produced  from  new 
rags,  i.e.,  tailor’s  clippings,  pattern  clippings,  etc.,  while  old 
mungo  is  got  from  fragments  of  cloth  that  have,  at  one  time, 
appeared  in  a  made-up  garment,  The  smallness  of  the  cost 
of  these  materials,  as  well  as  the  diversity  of  shades  in 
which  they  can  be  obtained — for  mungoes  and  shoddies 
can  be  purchased  in  the  black,  brown,  blue,  or  almost  any 
colour  or  mixture  desired — cause  them  to  be  employed  in 
many  classes  of  woollen  goods.  The  method  of  applying 
mungo  or  shoddy  to  the  better  qualities  of  fabrics  with 
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a  warp  surface  consists  in  blending  them  with  wool  in 
the  formation  of  the  weft  thread.  In  other  cloths,  mungo 
forms  the  bulk  of  the  material  used  in  the  construction  of 
the  backing  yarn,  or  the  thread  used  in  producing  the 
underneath  surface  of  the  texture.  The  method  of  intro¬ 
ducing  this  fibre  into  low  goods  is  somewhat  different  from 
the  preceding.  Here  it  is  the  principal  and  the  most  ex¬ 
pensive  material  used  in  the  composition  of  the  fabric,  the 
weft  thread  generally  being  mungo  simply,  and  the  warp 
cotton.  Both  warp  and  weft  yarns  used  in  medium-priced 
fabrics  are  usually  a  combination  of  wool  and  mungo,  the 
proportions  varying  according  to  the  quality  of  the  texture 
produced. 

14.  Difference  between  Wool  cincl  Mungo. — The  properties 
of  a  good  wool  are  necessarily  of  a  superior  character 
to  those  of  mungo.  Under  the  microscope  (see  d  and  e, 
Fig.  10)  there  is  not  always  a  marked  dissimilarity  be¬ 
tween  the  fibres,  the  filaments  of  some  mungoes  being  in 
a  far  more  perfect  state  of  preservation  than  others.  Some¬ 
times  the  fibres  are  partially  stripped  of  serrations,  but 
probably  others  might  be  examined  from  the  same  handful 
of  material  possessing,  when  microscopically  examined,  the 
complete  mechanical  development  of  the  wool  fibre.  Evid¬ 
ently  the  difference  between  mungo  and  wool  does  not 
arise  in  the  main  from  any  necessary  dissimilarity  in  the 
structure  of  the  fibres.  Practically,  mungo  possesses  no 
definite  length  of  fibre — staple,  as  compared  with  wool,  it 
has  none — while  in  elasticity  and  strength  it  is  also  de¬ 
ficient.  Doubtless  some  of  these  deficiencies  are  due  to  the 
mutilation  of  fibre  occasioned  in  the  grinding  process  to 
which  the  rags  are  submitted,  and  in  which  filament  is 
forcibly  torn  from  filament,  causing,  as  a  natural  con¬ 
sequence,  the  material  to  be  short,  brittle,  and  wanting  in 
■elasticity. 

Of  course  the  milling  power  of  mungo  depends  entirely 
on  the  nature  of  the  wool  used  in  making  the  cloth  from 
which;  the  fibre  has  been  obtained.  If  the  rags  ground  up 
were  originally  made  from  an  excellent  fulling  wool,  then 
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the  mungo  would  possess  a  certain  degree  of  felting  pro¬ 
perty.  Shoddies,  though  longer  in  the  fibre  than  mungoes, 
do  not  usually  felt  so  well — the  wools  employed  in  the 
production  of  the  rags  from  which  they  are  recovered 
being  principally  of  an  inferior  fulling  power. 


15.  Mungo  Production. — Rags  intended  for  conversion 
into  mungo  pass  through  various  processes  before  they  as¬ 
sume  the  fibrous  appearance  of  wool.  Dusting  is  the  first 


Fig.  13.  Improved  Rag  Grinding  Machine. 
F  =  Feed  Sheet.  A  -  Discharge  Funnel. 


K,  ll1  =  Fluted  Rollers.  \v  =  Weights  on  Roller  Levers, 

s  =  Swift  or  Cylinder.  n  =  Driving  or  Belt  Pulley. 

operation.  It  consists  in  shaking  the  dust  and  dirt  out  of 
the  rags  before  they  are  transferred  to  the  hands  of  the 
sorter,  who  classifies  them  according  to  quality  and  colour. 
Considerable  care  and  judgement  have  to  be  exercised  in 
this  preliminary  work  in  order  to  ensure  the  production  of 
a  regular  and  uniform  stapled  material.  Both  old  and  new 
rags  are  submitted  to  this  process.  As  many  as  from 
twenty  to  thirty  varieties  have  been  collected  from  one  bale. 

Seaming  follows  sorting.  It  applies  solely  to  rags  ob¬ 
tained  from  cast-off  garments,  and  consists  in  removing 
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all  the  cotton  threads  used  in  stitching.  The  rags  are  now 
oiled  to  soften  the  material  and  facilitate  grinding.  The 
machine  in  which  this,  the  principal  work  in  mnngo  pro¬ 
duction,  is  effected  is  shown  in  Fig.  13.  It  consists  of 
feed-sheet,  fluted  rollers,  main  cylinder,  or  swift,  and  funnel 
for  conducting  the  mungo  out  of  the  machine.  The  swift  s, 
which  is  the  leading  feature  of  the  machine,  is  inclosed 
in  the  framework;  it  is  about  18  inches  long,  42  inches 
in  diameter,  has  a  surface  space  of  1,638  square  inches, 
and  contains  from  12,000  to  14,000  strong  iron  teeth. 
The  speed  at  which  it  runs  varies  from  640  to  800 
revolutions  per  minute.  The  rags,  having  been  spread 
on  the  feed-sheet  r,  are  conveyed  to  the  fluted  rollers,  on 
emerging  from  which  they  are  seized  by  the  teeth  of  the 
cylinder,  which  not  only  separate  thread  from  thread,  but 
literally  tears  fibre  from  fibre,  and  thus  reduces  the  whole 
to  a  flossy,  wool-like  state.  As  the  rags  are  ground  up, 
the  material  is  forced  down  the  funnel  a,  and  thus  finds 
an  exit  from  the  machine.  Any  hard  fragments  of  cloth 
oidy  partially  torn  to  pieces  fall  into  the  cage,  from 
whence  they  are  replaced  on  the  feed-sheet.  The  weights, 
w,  allow  the  upper  fluted  roller  to  rise  should  the  machine 
be  overcharged,  and  by  this  means  admit  of  the  rags  being 
conveyed  without  retention  direct  off  the  feed-table  on  to 
the  cylinder,  which  continues  to  throw  them  into  the  cage 
until  the  machine  gets  properly  cleared. 

16.  Extract  Wool. — This  material  is  obtained  from  rag's 
of  which  the  threads  are  composed  of  cotton  and  wool 
respectively,  as  in  dress  stuffs  with  a  cotton  warp  and 
mohair  or  lustre  worsted  weft,  or  in  low  union  fabrics 
which  have  a  similar  warp  thread,  but  thick  woollen  weft. 
As  the  object  in  extracting  is  to  recover  the  animal  fibre, 
the  vegetable  thread  is  destroyed  by  a  process  of  carbon¬ 
izing.  To  effect  this  the  tissue  is  steeped  in  a  solution  of 
sulphuric  acid  and  water,  and  then  heated  in  an  inclosed 
chamber.  This  drying  process  causes  the  water  to  evapor¬ 
ate,  leaving  the  concentrated  sulphuric  acid  to  act  upon 
the  fabrics,  destroying  the  vegetable  matter  they  contain, 
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or,  at  anjr  rate,  reducing  it  to  such  a  condition  that  it 
powders  when  friction  is  applied.  Washing-off  now  takes 
place,  to  remove  the  acid  from  the  reclaimed  woollen 
thread.  This  effected,  the  material  is  run  through  a  coarse, 
open  carder,  which  gives  it  the  required  woolly  appearance 
of  a  textile  fibre. 

The  effect  of  the  acid  bath  alluded  to  upon  a  “  union  ” 
fabric  is  shown  in  Fig.  14.  Originally  it  had  a  cotton 
warp  and  lustre  worsted  weft,  being  a  plain-woven  struc¬ 
ture.  The  warp  at  a  has  been  decomposed,  leaving  the 
weft,  threads  made  of  wool  fibre,  hanging  loosely  together. 
This  is  the  reclaimed  material  which,  after  washing  and 
preliminary  carding,  becomes  the  “  extract  ”  of'  commerce. 

“  Extract  ”  is  not  a  good  wool-substitute  as  regards 
milling,  and  lacks  elasticity,  strength,  and  soundness  of 
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Fig.  14.  Dress  Fabric  .after  Carbonizing. 

staple.  It  can  be  obtained  in  a  variety  of  colours,  and 
is  used  in  the  manufacture  of  low  tweeds,  and  also,  when 
blended  with  Wool,  in  the  production  of  medium-class 
fancies. 

17.  Flocks. — These  are  soft,  fluffy  fibres  removed  from 
the  woven  fabric  in  the  processes  of  cloth  milling,  raising, 
and  finishing.  They  are  of  three  kinds — “milling,”  “crop¬ 
ping,”  and  “  raising.”  The  first  class,  which  is  formed  in 
the  milling  or  fulling  machine,  is  of  more  value  in  textile 
manufacturing  than  either  cropping  or  raising  flocks. 
White  “  fulling”  flocks  are  suitable  for  blending  with  wool 
in  the  production  of  several  grades  of  cloths.  They  are 
also  used  by  woollen  yarn  spinners  for  yarns  intended  for 
a  variety  of  applications- — suitings,  dress  fabrics,  shawls, 
travelling  rugs. 

Cutting  or  Cropping  flocks  are  the  fibres  removed  from 
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the  cloth  in  the  cutting  operation.  Such  flocks  are  not 
often  selected  by  manufacturers  as  a  fit  material  for  yarn 
making,  and  then  only  for  cloths  of  a  very  inferior  quality, 
being  principally  used  in  the  production  of  flock-papers 
for  decorative  purposes.  In  silk  winding,  and  gassing,  a 
species  of  “flocks”  is  obtained  which,  like  the  cutting 
“  flocks  ”  described,  are  so  short  in  fibre  as  to  be  unfit 
for  the  ordinary  kinds  of  textile  work ;  but  are  also  found 
useful  in  the  manufacture  of  wall  paperings. 

Raising  flocks  are  derived  from  the  teazles  of  the 
“  gig,”  which  retain  a  quantity  of  the  short  fibre,  drawn 
from  the  surface  of  the  cloth  in  the  raising  process.  Such 
fibres,  when  removed  from  the  teazles,  are  designated 
raising  flocks,  and  are  similar  in  character  to  those  formed 
in  the  fulling  process;  hence  they  are  employed  for  like 
purposes  in  textile  productions. 

18.  Cotton  (a,  Fig.  12). — Wool  and  cotton  fibres  not  only 
differ  from  each  other  in  physical  structure  but  also  in  those 
special  properties  which  they  both  possess,  making  them 
highly  suitable  for  clothing  purposes.  The  cotton  fibre  is 
short,  fine,  and  brittle,  possessing  the  appearance  of  a 
flattened  and  somewhat  twisted  tube,  or  resembling  a 
wrinkled,  twisted,  irregular  ribbon.  Commercially,  cotton 
wool  is  divided  into  long  and  short  stapled,  the  former 
being  used  for  warp  and  the  latter  for  weft  yarns;  but 
these  distinctions  are  by  no  means  always  adhered  to,  the 
two  qualities  being  blended  in  such  proportions  as  will 
result  in  making  a  cheap  and  satisfactory  thread. 

The  length  to  which  cotton  may  be  spun  is  remark¬ 
able,  as  many  as  252,000  yards  of  yarn  having  been 
spun  from  one  pound  of  material,  i.e .,  300’s  counts.  Its 
spinning  quality  causes  it  sometimes  to  be  mixed  with 
wool  to  facilitate  the  production  of  cheap  and  finely-spun 
yarns.  The  fineness  and  strength  of  the  cotton  fibre,  and 
its  downy  nature,  are  at  the  basis  of  its  spinning  capa¬ 
bilities.  The  diversity  of  fabrics  in  which  it  is  used  is 
proof  of  its  adaptability  to  textile  threads  ;  thus  it  is  em¬ 
ployed  in  the  production  of  fine  lace,  muslins,  calicoes, 
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sheetings,  velveteens,  cords,  and  fustians.  In  addition  to 
being  blended  with  wool  and  other  materials  in  woollen 
cloth  production,  it  forms  the  warp  thread  in  union 
cloths;  and  it  is  also  used,  on  account  of  its  fineness,  in 
making  various  styles  of  compound  textures,  where  its 
function  is  to  bind  the  yarns  employed  in  the  formation  of 
the  face  to  those  constructing  the  back  of  the  texture. 

19.  Silk  (e,  Fig.  12). — This  fibre  is  also  utilized  to  some 
extent  in  the  production  of  woollen  and  worsteds.  Of  all 
fibres  it  possesses  the  least  diversity  of  physical  structure, 
resembling,  when  magnified,  a  transparent  glass  rod, 
showing  but  few  surface  creases.  It  is  a  longitudinal  body 
of  flexible  gum,  totally  void  of  cellular  structure  termed 
sericin.  When  the  fibre  is  heated  to  110°  C.  it  loses  its 
natural  moisture,  and  at  170J  C.  it  decomposes. 

Silk  threads,  in  the  better  qualities  of  fancy  woollens  and 
worsteds,  are  twisted  with  worsted  or  woollen  yarns; 
but  they  are  also  applied  to  vesting  and  other  fabrics  in  the 
form  of  distinct  or  separate  threads  to  give  tone  and  rich¬ 
ness  to  the  pattern.  These  constitute  the  two  principal 
methods  of  applying  this  fibre  to  textiles  made  of  wool 
and  like  materials. 

The  silk  imported  into  this  country  is  of  two  classes — 
that  which  arrives  in  the  hank  form,  and  is  wound  direct 
from  the  cocoon,  and  receives  the  name  of  neat  silk;  and, 
second,  spun  silk,  or  the  thread  which  results  from  com¬ 
bining  and  spinning  the  cocoons  which  are  too  entangled 
to  be  wound,  and  the  waste  made  in  the  winding  process. 
Before  silk  is  capable  of  being  used  as  a  warp  or  weft 
it  is  converted  into  one  of  the  following  forms :  singles , 
tram ,  and  organzine. 

Singles  is  a  reeled  thread  to  which  twist  has  been  added 
to  give  it  strength  and  firmness.  Tram ,  used  as  weft, 
consists  of  two  or  more  reeled  threads  twisted  firmly 
together.  Organzine ,  or  thrown  silk,  is  formed  of  several 
“  singles  ”  twisted,  one  with  the  other,  in  a  contrary 
direction  to  that  in  which  the  twine  is  introduced  into  the 
individual  threads  of  which  the  organzine  is  composed. 
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Strength  and  lustre  are  the  characteristics  of  silk  yarns. 
There  is  no  weavable  thread,  in  proportion  to  its  fineness, 
comparable  in  elasticity  with  that  obtained  from  silk.  An 
ordinary  silk  ribbon  will  sustain  as  much  tension  and 
friction  as  a  woollen  fabric  which  has  been  felted  for 
several  hours  and  is  many  times  its  thickness.  The  lustrous 
quality  of  silk  is,  however,  the  one  most  esteemed  in  tex¬ 
tile  manufacturing.  Mohair  is  the  chief  animal  fibre  which 
possesses  anything  approaching  its  bright,  shiny  appear¬ 
ance.  China  grass  and  jute — both  vegetable  fibres — are 
more  or  less  lustrous,  but  they  are  incapable  of  being  spun 
to  the  same  degree  of  fineness  as  silk.  Alpaca  and  mohair 
are  employed  in  dress  manufacturing  to  obtain  a  similar 
brightness  of  surface  to  that  developed  in  silk. 

Artificial  silk  (f,  Fig.  12)  is  a  material  possessing  some 
of  the  richness  and  lustre  of  the  natural  product.  It  may, 
moreover,  be  dyed  brilliant  and  permanent  colours;  but 
there  is  one  important  disadvantage  to  its  use,  namely,  its 
inflammability.  When  methods  have  been  discovered  of 
reducing  this,  its  value  as  a  substitute  for  silk  will  be 
enhanced. 
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20.  Sorting. — The  initial  process  in  wool  manufacturing 
is  that  of  sorting  or  classifying  the  fibres  of  the  fleece,  as 
clipped  from  the  sheep’s  body,  according  to  length,  fine¬ 
ness,  elasticity,  and  soundness  of  staple.  The  necessity  for 
this  operation  arises  from  the  wool  varying  in  quality  in 
different  sections  of  the  fleece.  Coarse,  fine,  strong,  and 
tender  locks  being  present  in  the  wool  in  its  natural  con¬ 
dition,  it  is,  until  sorted,  unsuitable  for  textile  purposes. 
An  attempt  to  utilize  it  in  the  fleece  state  would  result  in 
the  spinning  of  uneven,  faulty,  and  unsatisfactory  yarns. 
About  thirteen  or  fourteen  sorts  may  be  obtained  from  one 
fleece,  but  very  frequently  not  more  than  five  or  seven  are 
made,  and  in  some  branches  of  the  Cheviot  industry  only 
three.  The  following  table  shows  the  relative  qualities  of 
the  wools  grown  on  the  various  parts  of  the  body  of  a 
merino  sheep  : 


1.  The  shoulders. 

2.  The  sides. 


r  The  wools  grown  on  these  parts 
are  distinguishable  by  length  and 
strength  of  staple,  softness  of  feel, 
and  uniformity  of  character.  They 
are  usually  the  finest  wools  found 
in  the  fleece. 
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3.  Lower  part  of 
the  back. 

This  is  also  a  wool  of  good,  sound 
quality,  resembling  in  staple  that 
obtained  from  the  shoulders  and 
sides,  but  not  so  soft  and  fine  in 
fibre. 

4.  Loin  and  back. 

The  staple  here  is  comparatively 
shorter,  hair  not  so  fine,  but  the 
wool  on  the  whole  of  a  true  char¬ 
acter.  In  some  cases,  however,  it  is 
rather  tender. 

5.  Upper  parts  of 
the  legs. 

Wool  from  these  parts  is  of  a 
moderate  length,  but  coarse  in  fibre, 
and  possesses  a  disposition  to  hang 
in  loose,  open  locks.  It  is  generally 
sound,  but  liable  to  contain  veget¬ 
able  matter. 

6.  Upper  portion 
of  the  neck. 

The  staple  of  the  wool  clipped 
from  this  part  of  the,  neck  is 
only  of  an  inferior  quality,  being 
frequently  faulty  and  irregular  in 
growth,  as  well  as  fall  of  thorns, 

7.  Central  part  of 
back. 

twigs,  etc. 

This  wool  is  nearly  like  that  ob¬ 
tained  from  the  loins  and  back, 

8.  The  belly. 

being  rather  tender  in  staple. 

This  is  the  wool  which  runs  quite 
under  the  sheep,  between  the  fore 
and  hind  legs.  It  is  short,  dirty, 
and  poor  in  quality,  and  frequently 
very  tender. 

9.  Root  of  tail. 

Fibre  coarse,  short,  and  glossy, 
and  the  wool  often  runs  with  kemps 
or  bright  hairs. 

10.  Lower  parts  of 
legs. 

Principally  a  dirty  and  greasy 
wool,  in  which  the  staple  lacks  cur¬ 
liness  and  the  fibre  fineness.  U sually 
it  is  burry,  and  contains  much  veget¬ 
able  matter. 
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11.  The  head. 

12.  The  throat. 

13.  The  chest. 


14.  The  shins. 


The  wools  from  these  parts  are 


having  the  same  characteristics.  The 
fibre  is  stiff,  straight,  coarse,  and 
covered  with  fodder,  the  wool  also 
.being  kempy. 

This  is  another  short,  thick, 
straight,  and  shinny-fibred  wool, 
commonly  called  shanks. 


Such  terms  as  picklock,  prime,  choice,  super,  head, 
seconds,  abb,  and  breech  are  applied  to  the  several  varieties 
into  which  the  fleece  is  divided.  Picklock  comprises  the 
best  qualities  of  the  wool,  as  regards  fineness  of  fibre, 
elasticity,  and  strength  of  staple  ;  prime  is  a  similar  wool 
to  the  preceding,  only  of  a  slightly  inferior  character; 
the  staple  of  choice  is  true,  but  the  fibre  is  not  so  fine  as 
prime ;  super  is  similar  in  general  properties  to  choice ,  but 
not,  as  a  rule,  so  valuable;  head  includes  the  inferior  sorts 
and  the  wool  grown  on  this  part  of  the  sheep ;  downrights 
is  derived  from  the  lower  parts  of  the  ribs  or  sides; 
seconds  consists  of  the  best  wool  clipped  off  the  throat  and 
breast;  abb  contains  the  skirtings  and  edgings  of  the 
fleece ;  while  breech  consists  of  short,  coarse  fibres  obtained 
from  this  part  of  the  animal’s  body.  “  In  the  worsted 
trade  these  names  are  not  used,  the  following  being  those 
generally  adopted :  blue,  from  the  neck ;  fine,  from  the 
shoulders ;  neat,  from  the  middle  of  the  sides  and  back ; 
brown- drawing,  from  the  haunches ;  breech,  or  britch,  from 
the  tail  and  hind  legs ;  cow-tail,  when  the  breech  is  very 
strong ;  and  brokes,  from  the  belly  and  lower  part  of  the 
front  legs,  which  are  classed  as  super,  middle,  and  com¬ 
mon,  according  to  their  quality.  For  finer  sorts  of  wool 
there  are  no  special  names,  and  Botany  and  similar  fleeces 
are  sorted  according  to  their  numbers  or  the  counts  of 
yarn  they  will  spin  to,  such  as  50’s,  70’s,  80’s,  and  so  on.”  1 
The  sorter  prepares  for  the  work  of  classification  by 


1  Bowman,  “  Structure  of  the  Wool  Fibre.” 
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spreading  the  fleece  on  a  table  with  a  wire  cage  surface, 
through  which  a  portion  of  the  dust,  sand,  and  other  hard 
particles  of  matter  in  the  wool  falls  into  a  drawer  beneath, 
during  sorting.  The  centre  of  the  back  of  the  sheep  forms 
an  indefinite  line  down  the  middle  of  the  fleece,  which  the 
sorter  follows  in  dividing  it  into  two  portions  before  com¬ 
mencing  the  actual  work  of  analysis.  His  work  may  be 
said  to  consist,  firstly,  in  removing  a  portion  of  the  loose 
vegetable  substance  the  fleece  contains,  such  as  seeds, 
twigs,  etc. ;  and,  secondly,  in  cutting  off  the  hard  tufts 
of  fibres  which  have  by  some  means  or  other  got  fastly 
adhered  together.  These  preliminaries  having  been  at¬ 
tended  to,  he  proceeds  to  analyze  the  fleece  carefully, 
casting  the  locks  according  to  quality  into  different  skeps 
with  which  he  is  provided.  He  judges  of  the  wool  mainly 
by  its  softness  of  handle,  and  by  thickness  or  density  of 
growth — weakness  of  staple,  harsh  or  unkind  handle,  and 
want  of  rankness  of  hair,  are  all  indications  of  an  inferior  wool. 

21.  Wool-  Washing. — Wool  is  naturally  impregnated 
with  a  greasy  substance  termed  yolk  or  suint ,  an  unctuous 
varnish  caused  by  thg  perspiration  of  the  skin,  and  partly 
by  the  animal  secretion  which  lies  at  the  root  of  each 
hair  finding  its  way  to  the  tip  of  the  fibre.  Yolk  is  a  com¬ 
pound  of  potash  and  animal  fat.  It  also  contains  small 
quantities  of  acetate  of  potash,  lime,  and  chloride  of 
potash.  Such  is  the  amount  of  foreign  substances  present 
in  some  wools  that  they  lose  as  much  as  seventy  per  cent, 
of  their  weight  in  scouring.  Certain  merino  wools  con¬ 
tain,  in  addition  to  yolk,  a  considerable  proportion  of  earthy 
and  greasy  matters,  losing  on  an  average  nearly  two-thirds 
in  weight  during  the  washing  process.  The  chemical  com¬ 
position  of  fine  merino  wool  in  its  natural  state  is  as  follows : 


Earthy  substances 

.  26.06 

Suint,  or  yolk 

.  32.74 

Fatty  matter 

8.57 

Earthy  matter  fixed  by  grease 

.  1.40 

Clean  wool  . 

.  31.23 

100.00 

WOOLLEN  YARN  MANUFACTURE 


47 


Several  of  tliese  substances  are  recovered  by  chemical 
agents  from  the  waste  scouring  solution,  previously  con¬ 
ducted  into  large  tanks,  and  pass  into  commerce  under 
different  forms  and  under  new  names.  The  yolk,  for 
example,  after  having  been  separated  from  the  other  in¬ 
gredients  of  the  waste  lye,  is  utilized  in  the  production  of 
a  soap  said  to  be  specially  valuable,  on  account  of  the 
animal  fat  it  contains,  for  medical  purposes.  Crude  car¬ 
bonate  of  potash  is  obtained  in  considerable  quantities 
from  the  residuum  of  the  used  scour  liquor.  Another  sub¬ 
stance  which  results  from  a  method  practised  in  chemically 
treating  this  solution  is  a  class  of  oil  used  to  some  extent 
in  lubricating  rags  for  shoddies  and  mungoes. 

Now  the  object  in  scouring  is  not  simply  to  remove  the 
greasy  product  from  the  material,  but  also  the  dirt  and 
other  extraneous  matter  with  which  the  wool  may  be 
covered.  This  should  be  effected  without  injury  either  to 
the  physical  structure  or  chemical  composition  of  the  fibre. 
A  wool  thoroughly  cleansed  should  be  a  pure  colour, 
handle  soft  and  elastic,  dye  readily,  produce  a  true  thread, 
and  untimately  form  a  texture  full  and  supple  to  the 
touch.  On  the  other  hand,  wool  only  partially  scoured 
resists  the  action  of  mordants,  and  takes  a  streaky  colour, 
the  dyes  not  penetrating  the  fibre,  but  remaining  on  the 
surface.  Indifferent  scouring  endangers  good  scribbling 
and  spinning,  and  also  causes  the  woven  fabric  to  be 
hard,  stiff,  and  unkind.  A  generally  accepted  opinion 
amongst  manufacturers  is,  that  if  the  raw  material  is  only 
partially  cleansed,  each  of  the  subsequent  processes  will 
to  some  extent  suffer  therefrom ;  the  imperfections  arising 
from  this  cause  becoming,  in  some  cases,  the  most  per¬ 
ceptible  in  the  finished  cloth.  For  these  reasons  too  much 
intelligence  and  skill  cannot  be  exercised  on  this  pre¬ 
liminary  process  of  cloth  manufacture. 

22.  Detergents  used  in  Scouring. — Potash,  carbonate  of 
soda,  silicate  of  soda,  ammonia,  and  soap  are  all  more  or 
less  used  in  wool-washing.  Soda  is  sometimes  employed 
alone  in  scouring  wools  of  a  coarse,  open  growth,  but 
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as  this  alkali  has  a  corrosive  and  energetic  action  on 
animal  fibres,  it  should  seldom,  if  ever,  be  used  for  this 
purpose.  As  a  detergent,  it  destroys  the  natural  mellow¬ 
ness  of  the  hair,  and,  instead  of  acting  as  a  bleaching 
agent,  imparts  a  yellow  tinge  to  the  avooL  Potash,  on 
the  contrary,  being  present  in  the  fibres  of  the  raw 
material,  is  the  alkali  naturally  most  suitable  for  whiten¬ 
ing  and  purifying  wool,  to  which  it  gives  a  diffusive 
character  and  soft  feel.  Silicate  of  soda  is  said  to  be  used 
largely  on  the  Continent,  with  good  results.  When  this 
detergent  is  employed,  precautions  should  always  be  taken 
to  thoroughly  squeeze  the  scouring  liquor  out  of  the 
material  before  rinsing  with  cold  water — if  this  is  done, 
it  is  held  that  the  wool  will  be  white,  clean,  open,  and 
soft,  and  also  dye  freely.  Ammonia  is  milder  in  its  action 
than  either  soda  or  potash.  Formerly  it  was  extensively 
used  for  wool-scouring  purposes,  for  which  it  is  well 
adapted,  removing  the  dirty,  greasy  matter  from  the  wool 
without  injuring  the  staple.  Soaps  are  now  generally 
the  scouring  agents  selected.  The  practice  is  to  use  a 
neutral  soap  and  to  add  the  requisite  quantity  of  alkali  to 
produce  saponification — average  1^  to  2  lb.  per  100  gals,  of 
scour — but  in  some  wools,  such  as  greasy  Cape,  up  to  8  lb. 
of  alkali  may  be  necessary. 

The  quantity  of  water  in  soaps  may  be  ascertained  by 
reducing  a  sample  to  parings  and  placing  in  a  heated  oven, 
in  which  it  should  be  allowed  to  remain  until  it  ceases  to 
become  lighter,  when  the  difference  between  its  original 
and  dried  weight  will  indicate  the  percentage  of  water 
evaporated.  Other  adulterations  may  be  detected  by  im¬ 
mersing  the  soap  in  a  strong  solution  of  alcohol  and 
applying  heat,  which  dissolves  the  soap,  but  leaves  the 
impurities  insoluble. 

Wool  may  be  injuriously  acted  upon  by  a  scouring 
solution  of  too  high  a  temperature,  and  from  being  treated 
with  strong  alkalis.  No  rigid  rule  as  to  temperature  can 
be  furnished,  this  being  a  feature  of  scouring  which  varies 
according  to  the  nature  of  the  wool  in  hand.  However, 


Factory  View  of  Long 
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the  liquor  should  never  be  at  a  higher  temperature  than 
is  absolutely  necessary  to  cleanse  the  material.  For  wools, 
open,  broad,  and  free  in  staple,  from  32°  C.  to  54°  C.  is  a 
good  average,  but  for  line  wools  the  temperature  may 
range  from  48°  C.  to  55°  C.  To  avoid  unsatisfactory  con¬ 
sequences,  the  temperature  and  alkalinity  of  the  liquor 
should  always  be  tested  before  a  batch  of  wool  is  placed 
in  the  scour  bath.  A  few  samples  of  wool  might  now  be 
dipped,  and  the  alkalinity  of  the  solution  varied,  until  the 
material  readily  parts  with  the  dirt  and  grease  it  contains, 
and  possesses  a  soft  handle.  The  hardness  or  softness  of 
the  water  used  is  a  question  of  importance.  Soft  water 
dissolves  the  soap  the  best,  and  is,  in  consequence,  the 
most  preferable  for  cleansing  wool.  Water  varies  in  hard¬ 
ness  according  to  the  proportion  of  salts,  lime,  chalk,  and 
other  mineral  substances  it  may  contain.  To  use  such 
water  for  wool-washing,  without  previously  softening  it, 
is  a  very  uneconomical  course,  as  a  considerable  propor¬ 
tion  of  the  soap  is  thereby  taken  up  by  the  lime,  etc.,  before 
any  of  it  is  available  in  purifying  the  wool.  When  water 
is  not  softened,  the  lime  forms  with  the  detergents  an 
insoluble  lime  soap — a  compound  useless  as  a  scouring 
agent.  It  is  also  difficult  to  remove  when  fixed  on  the 
wool.  A  general  mode  of  softening  water  for  wool-scour¬ 
ing  consists  in  collecting  it  in  tanks,  when  from  two  to 
six  pounds  of  refined  carbonate  of  potash  per  1,000  gallons 
is  added,  which  in  a  short  time  precipitates  the  lime  and 
leaves  the  water  ready  for  use.  By  the  Archbutt-Deely 
process,  the  water  to  be  softened  is  treated  in  tanks  with 
the  proper  amount  of  carbonate  of  soda  and  lime,  and  the 
mixture  blown  with  air  for  a  short  period.  The  pre¬ 
cipitate  is  allowed  to  settle  and  the  clear  water  drawn 
off.  This  process  will  reduce  the  hardness  of  water  from 
16°  to  17°  to  3°  rapidly. 

23.  Wool  Dusting  Machine. — For  East  India  and  other 
dry,  dusty  wools  used  in  the  blanket  trade,  a  dusting 
machine  is  employed  prior  to  scouring.  It  is  simple  in 
construction,  consisting  of  a  travelling  lattice,  feed  rollers, 

E 


50 


WOOLLEN  AND  WORSTED 


and  of  a  cylinder  or  beater  inclosed  in  a  framework,  and 
making  some  600  revolutions  per  minute.  The  wool 
carried  forward  on  the  endless  lattice  is  taken  up  by  a 
pair  of  fluted  rollers,  the  nip  of  which  is  variable  by  spring 
arrangement.  These  rollers  are  adjustable  as  to  distance 
from  the  beater — a  four- winged  cylinder — 28"  in  diameter. 
The  dust  removed  is  blown  by  a  rapidly  revolving  fan 
into  a  suitable  receptacle.  The  machine  may  be  in  con¬ 
nection  with  the  scourer,  and  arranged  to  deliver  the 
treated  wool  on  to  the  feed  of  that  machine. 

The  Garnett  wool  cleaner,  or  duster,  is  designed  for 
treating  East  Indian,  lime,  and  other  wools,  mohair,  cow 
hair,  cashmere,  card  strippings,  rags,  and  other  materials. 
It  is  a  machine  with  two  cylinders  in  separate  enclosed 
compartments.  They  work  independently  and  may  be  run 
at  different  speeds.  Under  and  over  each  cylinder  is  a 
hood  or  cover.  A  suction  fan  is  employed  for  drawing ' 
off  the  dust  and  dirt.  The  cylinders  are  mounted  with 
round  teeth,  and  lash  the  material  against  a  grid  with 
metal  bars.  As  in  the  teazer,  the  feed  sheet  is  operated 
intermittently  to  allow  of  successive  quantities  of  material 
being  dusted  or  treated.  The  machine  has  two  pairs  of 
feed  rollers,  the  first  pair  being  toothed  and  the  second  pair 
fluted.  After  the  material  has  been  operated  upon  in  the 
first  compartment  by  cylinder  No.  1,  the  intervening  door 
is  opened,  and  it  passes  forward  to  the  second  compart¬ 
ment  to  be  similarly  dusted  or  cleaned  by  cylinder  No.  2. 

As  the  changing  from  one  compartment  to  the  other  is 
being  automatically  effected  the  feed  sheet  delivers  a  second 
quantity  of  material  to  the  first  cylinder.  A  series  of  change 
wheels  is  supplied  for  varying  the  speeds  controlling  the 
supply  of  the  material,  the  time  at  which  it  is  acted  upon 
by  the  respective  cylinders,  and  also  the  speeds  of  the  same. 

24.  Wool  Steeping. — Greasy  wools  have  been  prepared 
for  scouring  by  subjecting  them  to  a  process  of  steeping, 
the  object  being  to  drive  off  the  acid  which  the  fibres 
contain  and  dissolve  the  hard,  dirty  substances,  without 
removing  any  of  the  yolk  in  the  wool.  The  apparatus 
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shown  in  Fig.  15  consists  of  three  steepers,  a,  b,  and  c, 
similar  to  each  other  both  in  size  and  construction.  Each 
steeper  has  two  bottoms,  the  upper  one  being  perforated 
as  indicated  by  the  dotted  lines.  The  water  is  kept  in 
tanks,  t,  t,  the  pipe  connections  with  which  are  so  arranged 
as  to  admit  ot  the  steepers  being  worked  separately  or 
together.  The  steam  enters  the  vessel  containing  the 
material  at  the  bottom,  and  is  forced  upwards,  passing 
through  the  hard  and  entangled  masses  of  wrool ;  thus  the 
whole  is  opened  and  softened,  and  a  large  amount  of 
extraneous  matter  removed.  As  there  are  no  chemical 


Fig.  15.  "Wool  Steeping  Apparatus. 


agents  used  in  the  process,  the  natural  pliability,  lustre, 
and  colour  of  the  fibre  are  preserved. 

The  main  advantage  arising  from  steeping  greasy  wools, 
previous  to  washing,  is  the  considerable  saving  effected  in 
soap.  The  cost  of  steeping,  once  the  apparatus  has  been 
obtained,  is  not  to  be  compared  with  the  difference  in  the 
quantity  of  detergents  used  when  the  wools  are  submitted 
to  the  scouring  process  without  having  the  hard  limy 
matter  in  the  staple  softened  or  dissolved,  as  is  the  case 
of  wools  that  have  passed  through  this  operation.  After 
steeping,  the  material  readily  parts  with  the  dirty  sub¬ 
stances  it  contains,  the  fibres  being  in  a  more  open  statev 
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and  the  impurities  more  readily  acted  upon,  so  that  the 
time  required  in  scouring,  and  the  quantity  of  soap  used, 
are  considerably  decreased,  while  cleansing  is  accomplished 
Avith  less  injury  to  the  properties  of  the  avooI. 

The  improved  efficiency  of  scouring  machines  and  the 
increased  length  of  the  first  boAvl  has  proved  an  efficient 
substitute  for  this  method  of  preparation  for  scouring. 
In  some  systems  of  scouring,  the  first  boAvl  is  defined  as 
the  “  steeper.” 

25.  Hand  Method  of  Scouring. — Wool  may  be  scoured 
both  by  hand  and  by  machinery,  but  the  former  method 
is  entirely  out  of  date,  having  been  superseded  by  machine 
washing,  and  hence  need  only  be  briefly  described.  The 
avooI,  in  such  a  case,  Avas  placed  in  a  large  Arat  or  tub 
Avhich  possessed  a  false  perforated  bottom  that  rested  on 
small  supports  about  six  inches  from  the  bottom  proper; 
it  was  freely  agitated  for  some  time  in  the  solution  con¬ 
tained  in  this  vat,  then  lifted  on  to  a  large  scray  to  alloAv 
some  of  the  liquid  to  drain  off.  Rinsing  folloA\red,  being 
performed  in  the  u  rinse  ”  box,  a  long,  narrow  trough  also 
having  a  perforated  bottom  to  admit  of  any  hard,  dirty 
particles,  that  had  not  been  removed  in  scouring,  to 
escape.  The  material  was  next  placed  in  perforated  cages, 
and  immersed  in  a  stream  of  fresh  water,  which  thoroughly 
cleansed  it  of  the  “  scour  ”  it  contained  on  being  removed 
off  the  scray.  One  workman  on  this  system  of  scouring 
Avould  cleanse  from  500  to  1,000  lb.  of  greasy  avooI  per 
day. 

26.  Scouring  by  Volatile  Solvents. — Scouring  ma}r  be 
effected  by  means  of  volatile  solvents — naptha,  ben¬ 
zine,  bi-sulphate  of  carbon,  ether,  and  like  fat  soNents. 
The  system  invented  by  Maartens  consists  of  a  plant 
capable  of  treating  20,000  lb.  of  avooI  per  day.  The 
apparatus  comprises  a  series  of  four  large  digestors  or 
retorts  in  Avhicli  the  avooI  is  inclosed,  and  may  be  treated 
by  draAving  warm  air  through  the  digestors  to  ensure 
vaporization  of  the  moisture.  A  pump  is  applied  for  pro¬ 
ducing  a  vacuum.  When  this  is  stopped,  and  the  material 
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lias  been  acted  upon  by  the  heated  air,  the  first  digestor 
is  connected  at  the  top  with  a  reservoir  containing  the 
solvent  partially  saturated  with  wool  fat.  u  Communica¬ 
tion  is  next  established  between  the  bottom  of  the  first 
digestor  and  the  top  of  the  second,  and  by  the  influence 
of  the  vacuum  existing  in  the  second  digestor  and  of  the 


Fig.  166.  McNauglit’s  Wool  Scourer.  Feed  End. 

F.S.  =  F’eed  Sheet. 

pp'  =  Loose  and  Fast  Pulley. 

H  =  Connecting  Bar  between  handle  and  valve  of  Pipe  E  p . 

E  p  =Pipe  connection  between  Scum  Bowl  and  Settling  Tank  S.T. 
s.T.  =  Settling  or  Side  Tank. 

compressed  gas  applied  at  the  top  of  the  first  digestor, 
the  solvent  is  driven  out  of  the  first  and  blown,  in  liquid 
form,  from  the  wool  which  it  contains,  over  and  into  the 
second  digestor.”  This  process  is  repeated  through  each 
digestor,  the  solvents  being  of  the  same  nature  but  of  a 
lesser  degree  of  saturation,  becoming  finally  pure  solvent. 
The  solvents  are  returned,  after  each  process,  to  their 
respective  storage  tanks. 
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The  wool  having  been  treated  with  the  pure  solvent, 
dry  steam  is  applied  to  the  bottom  of  the  last  digestor, 
when  the  solvent  is  immediately  volatilized.  The  action 
of  the  vacuum  pump  causes  the  distillation  of  residuary 
solvent  adhering  to  the  fibres  to  be  effected  at  a  rapid 
rate,  and  at  a  low  temperature,  and  through  the  medium 
of  a  condenser  it  is  delivered  into  the  storage  tank  with¬ 
out  any  appreciable  loss. 

To  deoderize  the  fibres,  a  current  of  air,  and  of  air  and 
steam  mixed,  is  drawn  through  the  wool,  when  it  is  rinsed 
in  clean,  tepid  water. 

27.  Scouring  Machines. — These  are  of  several  distinct 
types,  the  principal  being: 

I.  The  Fork  or  Harrow  Machine,  in  which  there  is  a 
minimum  of  mechanical  movement  of  the  wool. 

II.  The  Rake  Machine,  chiefly  suitable  for  long  wools. 

III.  The  Rocker  and  Posser  Machines,  in  which  the  wool 

is  squeezed  repeatedly  as  it  passes  through  the 
tanks  or  bowls. 

IV.  The  Conduit  Machine  (a  principle  of  mechanism  but 

not  developed  to  any  extent  commercially)  in 
which  the  wool  is  cleansed  in  tubular  ducts. 

Mill  views  of  plants  of  scouring  machinery  for  long 
wools  for  worsted  yarns,  and  for  short  wools  for  Avoollen 
yarns,  are  given  on  Plates  VI  and  VII.  They  show  the 
method  of  arranging  the  bowls,  driving,  and  conveyance  of 
the  wool  from  one  bowl  to  another,  and  also  of  delivery. 

I.  The  Fork  Machine.  The  construction  and  prin¬ 
ciple  of  action  of  McNaught’s  Fork  machine  are  indicated 
in  Figs.  16,  1 6a,  17,  and  18.  A  set  of  machines  arranged 
for  the  washing  of  various  classes  of  wools — short  and 
medium  staple— consists  of  four  bowls,  the  first  being 
32'  6"  long,  the  second  26'  3 \  the  third  20'  3",  and  the 
fourth  14'  3b  The  greater  dimensions  of  the  first  bowl 
are  to  provide  for  ample  time  for  steeping  or  conditioning 
the  wool  for  actual  scouring  which  follows.  The  four  bowls 
are  connected  together  by  intermediate  “  feeds  ”  as  shown. 


Fig 

F.S.  =  Feed  Sliei 
D.  =  Balance  I 
Dl.  =  Connectei 
S.  -  Section  ol 


Plate  YIII 


D' 


Side  Elevation 


t. 

3ver  for  Fork  Frame, 
for  Levers  D  and  F. 
Fork  Frame. 


K  and  L.  =  Levers  for  Regulating  the  Pressure  on  the  Squeezing  Rolle 
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Fig.  17  is  a  cross  section  of  each  bowl.  Part  a  is  the 
wool-Avashing  portion  proper,  being  perforated  at  the 
bottom  ;  b,  the  bowl  with  inclined  bottom  so  that  hard 
particles  of  matter  and  other  impurities  settle  towards  b1 
leaving  clean  scour  at  the  top ;  and  c  is  the  side  or  over¬ 
flow  tank  similarly  shaped  to  the  main  tank,  b. 

When  the  solution  has  been  used  for  a  sufficient  number 
of  times  in  the  first  bowl  it  is  run  off,  and  the  solution  from 
the  second  bowl  is  forced  by  an  injector  into  the  first 
bowl;  that  from  the  third  into  the  second,  and  from  the 
fourth  into  the  third. 

The  two  distinguishing  features  of  the  machine  are  (1) 


Fig.  17.  Vertical  Cross  Section  of  McNauglit’s  Wool  Scouring  Machine. 


scouring  of  the  wool  in  an  interior  perforated  trough,  and 
(2)  the  conveying  of  it  from  the  feed  to  the  delivery  end 
of  each  bowl  by  gentle  mechanical  movement,  facilitating 
scouring  without  felting,  and  leaving  the  wool  in  an  open, 
free  condition.  This  is  effected  by  the  combination  of 
parts  sketched  in  Figs.  16  and  18.  The  rising  action  of 
the  frame,  s,  carrying  the  forks  or  prongs,  is  done  by  the 
cam  a  (Fig.  18),  lifting  lever  c,  connected  to  balance  lever 
D,  which  by  rod  d1,  operates  the  lever  e.  Levers  d  and  e 
are  connected  by  the  uprights  I,  to  frame  s,  which  is 
shown  in  the  upper  position. 

The  compound  motion  of  the  frame,  namely,  its  forward 
and  backward  traverse  in  the  bowl — the  former  with  the 
prongs  in  the  solution,  and  the  latter  with  the  prongs  out 
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of  the  solution — is  as  follows :  The  frame  is  lowered  until 
the  prongs  are  immersed  in  the  suds,  when  it  makes  a 
stroke  forward.  At  the  end  of  the  stroke  it  is  lifted  by 
cam,  a,  and  levers  described  until  the  forks  are  clear  of 
the  suds,  when  the  backward  stroke  takes  place.  Fol¬ 
lowing  a  few  forward  strokes  circulation  of  the  “scour” 
towards  the  squeezing  rollers  is  commenced,  floating 
the  wool  gently  to  the  end  of  the  bowl.  For  greasy, 
heavy  wools  the  frame  may  operate  forward,  back¬ 
ward,  and  forward  a  second  time  before  rising,  getting 
additional  agitation  of  the  solution  and  accelerating  the 
cleansing. 

The  wool  is  fed  on  to  the  feed  sheet  f  s,  Figs.  16  and 
16a,  pressed  by  the  sinker  into  the  “scour,”  moved  for¬ 
ward  as  described  to  the  squeezing  rollers  s  r,  the  pressure 
on  which  may  be  moderated  by  weights  and  springs,  I1 
and  .t,  and  levers,  k  and  l,  Fig.  16.  It  is  now  lifted  by 
forks  s,  Fig.  18,  of  diminishing  lengths  up  an  inclined 
plane,  and  then  glides  down  to  the  squeezers  which  re¬ 
move  the  surplus  solution  running  into  b,  Fig.  16,  while 
the  wool  is  conveyed  into  the  next  bowl  on  the  travel¬ 
ling  lattice  f  s1,  Fig.  16a.  The  waste  scour  thus  escaping 
into  the  side  tank,  s  t,  after  settling — impurities  going 
to  the  bottom — may  be  pumped  into  the  bowl  and  re¬ 
used.  As  the  wool  leaves  the  last  pair  of  squeezing 
rollers  of  the  final  bowl  it  is  acted  upon  by  a  revolving 
fan  or  blown  or  conveyed  direct  to  the  dryer. 

Petrie’s  “  Harrow  ”  Machine.  Figs.  19,  20,  and  21  is 
a  similar  type  though  differing  in  mechanical  details.  It 
is  also  chiefly  suitable  for  fine  wools,  being  essentially  a 
method  of  scouring  by  steeping  and  squeezing  rather  than 
by  moving  the  wool  to  and  fro  while  in  the  washing  bowls, 
four  in  number,  as  sketched  in  Fig.  20,  to  which  the  dry¬ 
ing  machine  is  conveniently  connected.  A  compound  of 
the  “  rake  ”  and  “  harrow  ”  machines  is  arranged  for  differ¬ 
ent  classes  of  wools.  Taking  the  standard  set — a  four-bowl 
arrangement — the  bowls  are  grouped  as  follows  for  the 
classes  of  wools  named : 


WOOLLEN  YARN  MANUFACTURE 


57 


1.  Fine  merino  and  other  wools.  Bowls  1,  2,  3,  and  4 
Harrow  type.  2.  Medium  stapled  wools.  Bowl  1  Rake 
type,  bowls  2,  3,  and  4  Harrow  type. 


Fig.  18.  Section  of  McNauglit’s  Scouring  Machine,  showing  mechanism  for  actuating  Harrow  or  Fork  Frame. 
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3.  Long  stapled  wools.  Bowls  1,  2,  3,  and  4  Rake  type. 
The  bowls  gradually  decrease  in  length  from  the  first  to 
the  fourth,  No.  1,  3*3';  No.  2,  27';  No.  3,  21';  and  No.  4. 
15'. 

Machines  are,  however,  constructed  and  grouped  to  be 
adapted  for  scouring  any  particular  classes  of  wool.  The 


Fig.  19.  Petrie’s  Harrow  Wool  Scourer. 

F  =Feed  Sheet.  L  to  l3  =  Balancing  Levers  for  the  Harrow  Frame. 

H  =  Harrow  Frame.  D  =  Inclined  Table  over  which  the  wool  is  carried. 

Ass  The  Delivery  Table. 

motion  for  the  frame  carrying  the  “harrow”  is  similar  to 
that  of  the  “fork”  machine. 

The  pressure  or  squeezing  roller  mechanism  is  illustrated 
in  Fig.  21.  By  a  combination  of  levers,  l  l,  and  springs,  jj1, 
the  pressure  can  be  readily  regulated  and  is  registered  on 
indicators  attached.  The  upper  roller,  s  k1,  is  covered  with 
felted  cloth  compressed  upon  the  shaft,  affording  an  elastic 
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and  yielding  surface,  but  one  giving  uniformity  of  pressure 
from  end  to  end  when  the  squeezing  action  is  taking  place. 
Under  the  bottom  roller  is  the  sud  dish  (not  shown)  into 
which  the  escaped  liquor  from  the  nip  of  the  rollers  runs. 
This  dish  is  fitted  with  perforated  brass  plates,  so  that  any 
wool  falling  into  it  may  be  easily  removed.  A  centrifugal 
pump  is  employed  for  forcing  the  scour  from  the  sud  dish 


Fig.  21.  Arrangement  of  Squeezing  Rollers  as  applied  to  Petrie's 

Wool  Scourer. 

into  the  settling  trough,  alongside  the  machine,  from  which 
by  steam-jet,  transmitters,  and  pipes  it  is  conveyed  from 
the  second  to  the  third  and  from  the  third  to  the  second 
bowl  only  necessitating,  when  changing  the  solution,  the 
scour  from  one  bowl  in  the  set  being  run  to  waste. 

Rake  Machine  (Fig.  22).  This  class  of  scourer  is 
constructed  by  Petrie,  Dawson,  Taylor  Wordsworth  and 
Co.,  and  others.  It  may  consist  of  a  double  steeping  tank, 
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one  6-rake  bowl,  and  of  one  5-rake  bowl,  being  a  total 
length  of  some  65  feet. 

The  wool  from  the  travelling  feed  is  forced  into  the 
scour  by  a  revolving  beater.  The  forks,  r  and  r1,  are  fixed 
in  opposite  positions  as  to  stroke,  being  driven  by  the  side 
shaft,  e,  and  bevel  wheel  gearing,  a  is  the  main  driving 
pulley  carrying  pinion  b,  geared  into  c,  on  the  same  shaft 
as  d;  and  d  drives  the  bevel  wheel  on  shaft  e.  The  forks 
move  forward  slowly  over  the  top  of  the  solution,  then  dip 
rapidly  propelling  and  agitating  the  wool  at  the  same  time. 
The  forks  may  operate  in  the  same  direction  or  alternate 
with  each  other.  When  the  latter  is  the  principle  of  action 
the  wool  no  sooner  leaves  one  rake  than  it  is  advanced  in 
the  bowl  by  the  preceding  rake. 


Fig.  23.  Sections  of  “Rocker”  Scourer. 


The  “Rocker”  Machine  (Fig.  23).  Is  made  by  Perry. 
It  is  defined  as  a  double-decker  scourer,  having  two  sud 
bowls,  one  placed  above  the  other.  The  solution  is  lifted 
by  a  centrifugal  pump  from  the  lower  to  the  upper  tank, 
passing  through  perforated  plates  preventing  dirty  and 
solid  matter  being  conveyed.  As  the  wool  drops  off  the 
lattice  feed,  it  undergoes  a  heavy  shower  of  suds  from 
above  and  below.  To  induce  the  wool  to  move  forward 
the  bowl  inclines  from  one  end  to  the  other.  A  section 
of  the  machine  showing  the  rockers  which  are  fixed  on 
the  frame  of  the  upper  tank  is  shown  in  Fig.  23.  The 
positions  the  rockers  assume  when  the  machine  is  at 
work  is  given  at  a  and  b.  At  a  the  immerser  retains 
the  wool  under  the  suds  and  prevents  any  backward  flow, 
but  at  b  the  immerser  is  out  of  action  allowing  the  wool 
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to  travel  onwards.  The  scour  squeezed  from  the  wool 
enters  receiving  tanks,  an  upper  section  of  which  is  per¬ 
forated,  allowing  hard  impurities  to  fall  to  the  bottom. 
As;  seen  the  rockers  or  immersers  are  the  feature  of  the 
machine.  Each  is  divided  into  two  parts  and  worked  by 
segment  wheel  gearing.  The  machine  is  most  suitable  for 
the  cleansing  of  long  wools.  The  “Rosser”  scourer  is 
constructed  on  a  similar  principle,  but  in  the  place  of 
“  Rockers  ”  perforated  bases  automatically  operate  on  the 
wool,  squeezing  or  retaining  it  under  pressure  for  suc¬ 
cessive  brief  periods  against  the  bottom  of  the  upper  tank. 

In  Ambler’s  Conduit  Machine — an  ingenious  inven¬ 
tion  but  a  system  not  now  in  ordinary  use — the  scouring 
liquor  and  wool  are  continuously  introduced  into  the  tank, 
the  solution  carrying  the  wool  with  it  through  an  inclosed 
channel  accelerating  the  scouring  action  by  a  series  of 
abrupt  changes  or  bends,  c3,  Fig.  24a,  in  the  channel  or 
tubular  ducts.  The  wool  from  the  travelling  feed,  d  d1,  of 
Fig.  24  drops  into  the  receiver,  into  which  the  scouring 
liquor  is  being  forced  along  a  feed  pipe,  bl.  The  conduit 
ducts  are  some  six  inches  deep  and  extend  across  the 
machine,  and  the  tank  containing  the  scour  is  opened  at 
intervals  automatically,  the  scour  which  has  passed  through 
the  channel  and  run  through  the  wool  returning,  after  heat¬ 
ing  to  the  proper  temperature,  to  this  tank.  For  the  pur¬ 
pose  of  extracting  the  more  substantial  impurities,  there 
are  outlet  pipes,  c5  (Fig.  24),  which  have  a  suitable  wire 
grating  so  that  no  wool  fibre  can  escape  into  the  bowl ; 
the  harder  impurities  fall  out  at  the  bottom  and  are  re¬ 
moved  at  the  outlet  a. 

The  wool  on  reaching  the  delivery  end  of  the  tank,  as  in 
other  machines  described,  passes  between  a  pair  of  squeez¬ 
ing  rollers  suitably  weighted  and  is  acted  upon  by  a  fan 
which  renders  it  loose  and  lofty. 

28.  Utilization  of  Waste  Scour  Solution. — The  waste  suds, 
resulting  from  scouring  both  wool  and  cloth,  are,  in  practice, 
run  into  a  series  of  tanks  with  the  object  of  reclaiming  the 
fatty  ingredients  which  they  contain.  In  order  to  separate 
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the  grease  from  the  other  substances  in  the  solution, 
sulphuric  acid  is  added  to  the  tanks.  The  fatty  matter 
is  thus  liberated,  and  rises  to  the  surface,  whilst  the 
soda  and  ammonia  compounds  remain  in  solution.  The 
greasy  substance  thus  formed  is,  after  the  water  has  been 
drained  off,  pumped  into  a  filter.  It  remains  here  until 
partialhr  solid,  when  it  is  cut  into  blocks  about  1 8"  square. 


Fig.  24.  Section  of  Conduit  Machine  showing  Feed  Arrangement. 


Fig.  24a.  Section  of  Conduit  Machine. 


By  applying  pressure  and  heat  a  quantity  of  oil  is  re¬ 
claimed,  which  is  used  in  lubricating  rags  before  grinding, 
while  the  residuum,  after  pressing,  is  used  by  soap  manu¬ 
facturers. 

29.  Drying. — Now  the  wool  has  been  cleansed  of  im¬ 
purities  it  only  remains  to  remove  the  moisture  it  contains 
on  leaving  the  scouring  solution.  A  common  mode  of 
drying  consists  in  spreading  the  wool  on  a  table  possess- 
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ing  a  wire  cage  surface,  the  apertures  in  which  admit  of 
hot  air  being  forced  through  the  wool.  The  stand  on 
which  these  cages  are  fixed  is  built  in  a  semi-circular 
form,  and  contains  a  number  of  steam-pipes  and  revolving 
fans  for  driving  the  heat  rapidly  through  the  material.  It 
is  important  when  using  the  drying  table  that  the  wool 
should  be  spread  as  evenly  as  possible,  and  turned  over  at 
regular  intervals,  to  prevent  scorching  some  of  the  fibres 
and  partially  drying  others.  If  these  points  are  care¬ 
fully  attended  to,  the  material  will  be  well  and  uniformly 
dried. 

Another  machine  used  in  wool-drying,  Fig.  25,  is  con¬ 
structed  on  the  continuous  feed  and  delivery  system.  It 
consists  of  an  enclosed  chamber  (containing  a  series  of 
shelves,  or  tables,  one  over  the  other,  and  some  18"  apart), 
about  20'  long,  4r  6"  wide,  and  11'  high.  Hot  air  is  forced 
through  the  machine  by  a  fan,  which  makes  about  1,000 
turns  per  minute,  and  is  placed  underneath  the  chamber. 
The  current  of  air  it  creates  passes  through  the  tubular 
heater,  and  from  thence  into  the  chamber,  as  indicated 
by  the  arrows.  The  temperature  can  be  regulated  as  re¬ 
quired.  The  tables  consist  of  two  kinds  of  bars,  stationary 
and  movable ;  the  latter  convey  the  wool  through  the 
machine.  As  the  material  reaches  the  end  of  the  respective 
tables  it  is  deposited  on  the  one  below,  and  so  on  till  it 
reaches  the  bottom  table,  where  it  is  passed  on  to  the 
delivery  lattice. 

Drying  being  on  this  system  accomplished  in  an  enclosed 
chamber,  the  washing  machine  may  be  in  the  same  room 
as  this  apparatus,  thus  admitting  of  the  wool  being  con¬ 
veyed  by  the  delivering  table  of  the  scouring  machine  on 
to  the  feed-table  of  the  “  dryer.”  This  mode  of  transferring 
the  material  from  one  machine  to  the  other  is  shown  in 
Eig.  25.  Parts  t,  r,  and  c  are  the  delivering  end  of  the 
“  scourer,”  being  a  portion  of  the  tank,  pressure  rollers, 
and  delivery  lattice  respectively.  Necessarily  this  arrange¬ 
ment  economizes  both  space  and  labour.  If  not  adopted, 
the  material  is  placed  by  hand  on  the  feed-table,  when  it 
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is  at  once  carried  into  the  machine  and  forced  by  a  blast 
of  hot  air  on  to  the  upper  table.  It  now  travels  over  the 
separate  shelves  in  succession,  being  dried  and  opened  to 


some  extent  during  its  passage  through  the  machine  by 
the  current  of  hot  air  which  moves  in  the  same  direction 
as  the  wool.  As  many  as  from  3,000  to  5,000  lb.  of  material 
can  be  dried  in  this  chamber  in  one  day. 




Fig.  26.  McNauglit’s  Continuous  Dryer,  Compartment  System.  Driving  Gear. 
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McNaught’s  Deying  Machines. — The  ordinary  ma¬ 
chine  is  in  the  form  of  a  large  cylinder  made  of  wire 
netting,  and  with  the  feed  end  fixed  higher  than  the 
delivery  end.  Inside  the  cylinder  is  a  series  of  bars 
mounted  with  strong  curved  spikes,  tapering  slightly  in  the 
direction  in  which  the  cylinder  revolves.  As  the  wool  is 
delivered  on  to  these  spikes  by  the  feed,  it  is  carried 
round  until  it  reaches  the  top  position  of  the  revolving 
cylinder,  when  it  glides  off  the  spikes  and  falls  to  the 


Fig.  '26a.  McNaught’s  Continuous  Wool  Drying  Machine  (Compartment 
Method),  showing  direction  of  currents  of  heated  air  and  their  action  on 
the  wool. 


bottom,  the  work  being  repeated  at  each  revolution  of  the 
cylinder.  There  is  also  a  fixed  spiked  rail  above  and  a 
corresponding  fixed  rail  below  the  cylinder,  the  teeth  of 
the  cylinder  bars  passing  between  those  of  the  fixed  bars. 
It  follows  that  any  matted  locks  are  combed  out,  opened 
and  carried  to  the  delivery  end  of  the  machine. 

In  the  latest  construction  of  machine  made  by  this  firm 
(Figs.  26  and  26a)  there  are  two  novel  features  :  (1)  a 
series  of  compartments  or  chambers  through  which  the 
material  must  pass  successively  and  in  each  of  which  the 
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wool  is  treated  by  dry  air ;  and  (2)  the  parts  are  arranged 
so  that,  as  far  as  possible,  dry  air  is  blown  through  the 
material. 

In  Fig.  26  the  driving  gear  is  shown,  and  in  Fig.  26a 
the  construction  of  the  series  of  enclosed  compartments. 
The  material  after  scouring  is  placed  on  the  feed  lattice,  a, 
and  passes  to  the  rollers,  b,  b1  (Fig.  26).  As  the  wool  is 
entering  the  compartment  c,  and  while  under  control  of 
rollers,  b,  b1,  a  blast  of  air,  generated  by  the  fan,  n, 
through  the  tubular  heater,  e,  and  the  narrow  mouthpiece 
between  the  rollers,  b,  b1,  and  the  framework,  is  caused  to 
act  on  the  material  and  blow  through  it :  when  the  wool  is 
free  from  the  control  of  the  rollers  it  is  blown  into  com¬ 
partment  c1  as  indicated  in  Fig.  26a.  The  air  blown  into 
chamber  c1  is  allowed  to  escape  through  a  line  grating  or 
gauze,  f,  and  out  of  the  machine,  while  the  wool  falls  on 
the  delivery  side  of  the  plate  g,  and  on  passing  between 
the  rollers  b2  and  b3,  enters  the  next  compartment,  c"2, 
where  similar  treatment  is  repeated,  or,  in  the  case  of  the 
last  compartment,  it  is  delivered  in  a  suitable  condition 
for  subsequent  handling. 

The  number  of  compartments  in  the  machine  varies, 
usually  from  five  upwards  according  to  the  class  of 
material,  the  degree  of  dryness  required,  and  the  weight 
to  be  dried  in  a  given  time  ;  the  speed  of  the  machine 
is  likewise  variable,  but  ordinarily,  the  material  passes 
through  the  operation  in  from  1-|-  to  3^  minutes.  These 
various  factors  also  influence  the  output  which,  in  this 
machine,  ranges  up  to  approximately  1,000  lb.  per  hour. 

Other  features  to  be  noted  are:  (1)  evenness  of  drying, 
which  is  obtained  by  blowing  air  through  the  material 
rather  than  over  it,  as  is  done  in  many  other  machines ; 
(2)  economy  of  steam,  a  saving  obtained  by  re-heating 
the  air  from  the  latter  chambers  of  the  machine,  which 
only  carries  a  small  percentage  of  moisture  ;  (3)  the  re¬ 
moval  of  an  appreciable  amount  of  line  dust  and  some 
inferior  fibre,  such  as  “kemps,”  etc.,  which  are  blown 
through  wirework  at  f,  Fig.  26a,  the  dust  and  refuse  thus 
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collected  being  periodically  removed.  The  simple  char¬ 
acter  of  the  machine  and  the  small  place  it  occupies  makes 
it  easy  to  regulate  and  to  clean. 

The  rollers,  b1  to  b5  for  the  respective  chambers,  c1, 
c2,  c3,  etc.,  are  chain  driven,  as  seen  in  Eig.  26.  Here 
wheel  3  is  for  driving  the  feed  lattice  olf  the  main  shaft. 
By  means  of  chain  and  wheel  gearing,  motion  is  given  to 
the  pairs  of  rollers  for  each  compartment  of  the  machine. 

Summerscale’s  enclosed  Chamber  Dryer — Figs.  27 
and  28— is  on  the  endless  apron  system,  there  being  three 
tiers  of  wool  drying  proceeding  at  one  time.  The  upper 
lattice  commences  at  the  feed,  and  the  last,  or  lower 
lattice,  extends  to  the  delivery  rollers.  The  wool  falls 


Fig.  27. 


from  a,  Fig.  27,  on  to  the  centre,  then  on  to  the  bottom 
lattice,  underneath  which  is  a  series  of  steam  coils.  Hot 
air  is  drawn  through  the  wool  by  exhaust  fans  d,  placed 
under  the  lattice.  The  current  of  air  created  is  shown  in 
the  cross-section  drawing,  Fig.  28.  The  lattices  may  be 
driven  at  different  speeds.  The  feed  and  delivery  rollers 
are  so  protected  that  the  wool  is  not  under  the  influence 
of  the  exhaust  fan  when  passing  between  each  pair.  The 
direction  in  which  the  wool  travels  is  denoted  by  the 
arrows.  On  reaching  rollers,  r,  it  is  drawn  into  the  pipe,  g, 
and  conveyed  to  any  convenient  position.  Another  type 
of  machine  invented  by  Suinmerscale,  is  of  the  cage  con¬ 
struction,  Fig.  29.  Here  the  wool,  as  it  is  delivered  from 
the  scourer,  is  drawn  by  a  strong  current  of  heated  air 
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Fig.  29a.  Instal 


>f  Stone’s  Dryer. 
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into  the  conveyor  tube  or  pipe,  c,  being  blown  or  forced 
forward  into  the  drying  cylinder,  in  which  there  is  a 
revolving  cage,  d,  covered  with  wire  netting,  and  hol¬ 
lowed  between  each  stay  or  support.  The  air  blows  the 
wool  into  the  recesses  against  the  wire  netting,  which 
retains  it  until  the  heated  air  has  been  thoroughly 
passed  through  each  staple  or  lock.  As  it  is  whizzed 
round  by  the  cylinder  and  dried,  it  is  drawn  off  into 
the  conveyer,  f,  the  cooled  air  which  has  acted  upon 
the  wool  escaping  by  the  outlet  tube,  g.  Again,  the 
dried  wool  may  be  conveyed  in  overhead  tubing  from  one 


room  to  another  to  the  machine  or  place  where  it  is  next 
required. 

Stone’s  Dryer  (Messrs.  Taylor  Wordsworth  and  Co.) 
for  wool  and  also  usable  for  cotton,  rags,  etc.,  is  of  a 
different  construction  from  the  machines  considered.  It 
consists  of  the  ordinary  lattice  feed,  on  which  the  material 
may  be  placed  by  hand,  which  conveys  the  wool  on  to  a 
perforated  drying  table  deriving  heat  from  coils  of  steam 
pipes  fixed  above  it.  This  arrangement  effectively  pre¬ 
vents  the  accumulation  of  dust,  and  any  portion  of  the 
fibrous  material  collecting  on  the  coils.  By  means  of  a 
pair  of  centrifugal  fans,  currents  of  hot  air  are  drawn 



Fig.  30.  Platt’s  Self-acting  Teazer  or  Wool  Willow. 

f.S.  =  Feed  Lattice.  1  =  Belt  Pulley  for  driving  Pulley  6  carrying  the  Pinion  e,  Fig.  32. 

D.s.  =  Delivery  Lattice.  2  and  7  =  Belt  Pulleys  for  driving  the  Fan. 
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through  the  material,  after  which  it  is  ejected  in  an  open, 
free,  and  lofty  condition  from  the  drying  table.  All  parts 
of  the  machine  in  contact  with  hot  air  are  lined  with 
asbestos  and  made  either  of  tin  or  iron,  the  latter  metal 
being  employed  for  all  wearing  parts.  The  machine  being 
self-cleaning,  different  coloured  materials  may  be  satis¬ 
factorily  dried  successively. 

The  operation  practised  in  carbonizing  is  similar  to  that 
in  wool  drying,  but  the  speed  of  the  drying  table  is  de¬ 
creased  and  that  of  the  temperature  increased. 

Some  1,000  to  15,000  lb.  of  wool  may  be  dried  per  day 
of  ten  hours  on  this  dryer,  which  is  made 
in  various  sizes. 

A  general  view  of  an  installation  of 
Stone’s  drying  machines  is  given  in  Fig. 

29 a  (Plate  IX). 

30.  Teazing.  — The  condition  of  the 
material  after  drying  is  such  as  to  ne¬ 
cessitate  its  being  subjected  to  some 
operation  that  will,  in  a  measure,  open 
and  disentangle  the  fibres  before  being- 
passed  on  to  the  scribbling  machine.  The 
technical  name  for  this  operation  is  teazing  or  willowing. 
Fig.  30  is  a  view  of  the  teazer,  showing  belt  driving,  and 
Fig.  31  a  section  of  the  working  parts,  consisting  of  one 
main  cylinder  or  drum,  c,  with  ten  arms,  each  mounted 
with  two  rows  of  teeth  tapering  from  the  base  to  the 
point;  and  three  small  rollers,  w,  termed  Avorkers,  fixed 
above  the  cylinder,  and  studded  with  teeth,  which  work 
between  those  of  the  latter  when  the  machine  is  in  motion. 
These  parts  are  all  enclosed,  and  are  driven  by  belt  and 
wheel  gearing  on  the  outside  of  the  framework.  The  wool  is 
spread  on  the  feed  sheet,  fs,  Figs.  30  and  32,  which  carries 
it  into  the  interior  of  the  machine,  where  it  is  received  by 
the  teeth  of  the  main  cylinder.  In  the  modern  forms  of 
teazer,  intermittent  motions  are  applied  to  both  the  feed 
and  delivery  rollers  and  lattices,  so  that  the  amount  of 
material  fed  into  and  removed  from  the  machine  at  each 
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operation  may  be  regulated,  as  well  as  the  time  allowed 
for  teazing  each  lot  of  material  constituting  a  “feed.” 

The  principle  of  the  machine  is  this:  a  large  and  centre 
drum,  making  from  400  to  500  revolutions  per  minute, 
charged  with  wool,  working  against,  or  turning  in  a  con¬ 
trary  direction  to,  a  series  of  three  smaller  rollers,  making 
from  30  to  40  revolutions  per  minute;  so  that  no  sooner 
is  the  material  forced  round  by  the  main  cylinder  than 
the  teeth  of  the  workers  come  in  contact  with  the  en¬ 
tangled  locks,  effecting  a  thorough  separation  of  the 
fibres.  In  addition  to  thus  opening  the  wool  and  pre¬ 
paring  it  for  the  oil  and  for  the  action  of  the  wires  of  the 
scribbler,  teazing  also  removes  any  particles  of  dirt  or 
other  impurities  which  the  fibres  retain  after  the  scouring 
process. 

The  construction  and  working  of  the  teazer  may  be 
explained  by  reference  to  Fig.  32,  a  machine  in  which 
there  are  only  two  workers,  and  the  third  worker  sub¬ 
stituted  by  a  spiked  bar. 

The  intermittent  motion  of  the  feed  section  is  controlled 
by  the  cam,  f  c,  and  lever,  l,  mounted  with  the  anti¬ 
friction  roller,  s  p.  The  drive  is  off  h1,  a  strap  passing 
round  c  and  h.  On  the  shaft  of  the  pulley,  c1,  the  cam  and 
its  pulleys  run  loosely.  At  the  end  of  the  shaft  there  is  a 
pulley  for  driving  the  rim  pulley,  f  s1.  According  to  the 
size  of  the  pulley,  f  s1,  used  for  driving,  the  speed  of  the 
cam,  f  c,  and  of  the  feed  sheet,  f  s,  may  be  varied.  When 
the  concave  of  the  cam  comes  in  contact  with  s  p  the  feed 
sheet  is  out  of  action. 

The  workers  in  this  type  of  machine  are  not  driven  by 
belting,  but  by  wheel  gearing.  The  pulley,  d1,  receives 
motion  from  c,  and  carries  pinion,  e,  geared  into  F  and  f1 
on  the  shafts  of  the  workers.  When  the  wool  has  been 
sufficiently  opened  its  ejection  from  the  interior  of  the 
machine  is  done  by  the  small  pulley  on  the  main  shaft, 
setting  h  in  motion,  which  is  mounted  with  a  pinion,  H1, 
and,  turning  i  and  j,  drives  k,  which  actuates  cam,  l1. 
This  cam,  by  operating  lever,  m,  lifts  the  door,  N,  so 



Fig.  32.  Side  Elevation  of  Platts’  Willow  or  Teazer. 
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that  the  material  is  conveyed  by  n1  on  to  the  delivery 
lattice. 

The  delivery  motion  is  controlled  by  the  cross  belt 
passing  round  the  small  pulley  on  the  main  shaft  and 
pulley  q,  the  pinion  on  which  operates  s,  turning  the 
delivery  motion  and  also  the  wheel  gearing  which  gives 
movement  to  the  cage. 

The  cylinder  revolves  from  right  to  left,  throwing  the 
worked  material  out  of  the  machine  at  the  position  shown, 
and  not  at  the  bottom,  as  is  frequently  done.  The  fan, 
driven  by  the  large  pulley  on  the  main  shaft,  removes  the 
dust  which  drops  through  the  grating  into  the  bottom  of 
the  machine. 

31.  Burr -Extraction. — At  this  stage  in  the  manipulation 
of  the  fibres  some  classes  of  wools,  Buenos  Ayres,  for  in¬ 
stance,  have  to  be  submitted  to  a  special  process,  arising 
from  the  presence  of  vegetable  matter,  seeds,  burrs,  etc., 
in  the  fleece.  Burrs  are  the  most  troublesome  to  remove, 
being  entangled  in  the  matted  parts  of  the  wool.  They 
have  a  minute  prickly  surface  and  cling  tenaciously  to 
the  fibres.  The  purpose  of  the  burring  process  is  to  destroy 
or  extract  such  vegetable  impurities  from  the  staple  with 
little  or  no  waste  of  fibre,  and  without  injury  to  the 
strength  and  other  properties  of  the  wool.  When  these 
are  not  completely  removed  before  reaching  the  scribbler, 
they  are  liable  to  enter  in  small  portions  into  the  con¬ 
densed  sliver,  and  thus  prove  injurious  to  the  spun  thread, 
Fig.  33. 

Burrs  may  either  be  chemically  or  mechanically  ex¬ 
tracted.  The  former  process  consists  in  steeping  the  wool 
in  a  diluted  bath  of  sulphuric  acid  for  about  half  an  hour, 
when  it  is  taken  out,  allowed  to  drain,  and  then  dried  at  a 
temperature  of  about  95  C.  When  the  moisture  has  been 
absorbed  from  the  material,  the  acid  attacks  the  burrs  and 
other  small  seeds,  reducing  them  to  carbon,  after  which 
the  wool  is  rinsed  in  an  alkali  solution  to  remove  the  acid, 
and  then  again  dried.  In  this  process,  the  vegetable  sub¬ 
stance  is  dissolved  by  the  sulphuric  acid,  while  the  wool 


Fig.  33.  Burr  in  a  Woollen  Thread. 
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remains  sound ;  but  in  the  mechanical  method,  the  burrs 
are  not  destroyed,  but  actually  beaten  or  combed  out  of  the 
material.  For  wools  containing  a  large  quantity  of  broken 
and  small  burrs,  motes,  and  seeds,  the  chemical  method  of 
extracting  is  preferable ;  but  for  fine  wools  containing 
large  burrs  the  burring  machine  is  usually  employed,  as 
it  preserves  the  natural  strength  and  colour  of  the  fibres. 

The  burring  machine  (Fig.  34)  in  general  use  consists 
of  the  following  parts :  feed  sheet  and  rollers,  revolving 
fan,  lattice  sheet,  revolving  brush  for  passing  the  wool  on  to 
the  swift  or  cylinder ;  main  cylinder,  burr  rollers,  grid,  and 
a  large  roller  for  beating  the  burrs  on  to  the  same ;  and 
lastly,  revolving  brush  for  removing  the  wool  off  the  cylinder. 
These  parts  are  all  enclosed  in  a  strongly  built  frame, 
somewhat  similar  in  construction  to  that  of  the  teazer. 
The  wool,  after  having  been  placed  on  the  feed  sheet,  is 
conveyed  by  the  feed  rollers  into  the  interior  of  the 
machine,  when  the  fan  forces  it  on  to  the  lattice  sheet. 
This  sheet  immediately  conveys  it  to  the  revolving  brush, 
which  yields  it  up  to  the  teeth  of  the  cylinder.  Now,  as 
the  latter  revolves,  the  burr  roller,  which  turns  in  the 
opposite  direction,  beats,  lashes,  and  opens  the  wool,  the 
result  being  that  in  a  short  time  the  larger  burrs  com¬ 
mence  to  hang  somewhat  loosely  on  the  surface  of  .the 
cylinder,  in  which  condition  they  are  readily  knocked  on 
to  the  grid  by  a  roller  mounted  with  spiked  arms  for  that 
purpose.  The  distance  at  which  the  burr  roller,  Fig.  34a, 
is  set  from  the  cylinder  varies  according  to  the  length  of 
the  staple  of  the  wool  operated  upon.  As  the  material 
gets  free  from  burrs  it  is  removed  out  of  the  machine  by 
the  delivering  brush. 

32.  Chemical  Burr  Extraction. — McNaught  and  Petrie 
make  special  steeping,  carbonizing,  neutralizing  and  dry¬ 
ing  plant  for  burr  extraction.  Each  system  comprises  the 
following:  (1)  Steeping  in  a  diluted  sulphuric  acid  bath; 
(2)  Burr  crushing  and  drying  for  carbonizing;  (3)  Teaz- 
ing  or  widowing;  (4)  Neutralizing  in  an  alkali  bath;  and 
(5)  drying. 


th 


J 


Lattice  Conveyor.  M  =  Clearer. 

Circular  Brush.  L  =  Holler  for  heating  the  loose  burrs  on  to  the  Grid. 
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Routine  of  Treatment.  After  scouring,  the  wool  is 
placed  in  the  steeping  tank  similar  in  construction  to  an 
ordinary  scourer,  but  made  of  wood  and  white  metal  on 
account  of  the  acids  employed.  The  average  working 
strength  of  this  bath  is  T  to  8  twaddle.  It  is  better  to 
add  the  acid  some  time  before  commencing  steeping  owing 
to  the  temperature  of  the  bath  being  raised  when  the  acid 
is  first  added ;  and  also  to  allow  the  fumes  of  nitric  acid 

gas  given  off — which  tinge 
the  wool  yellow — to  be  re¬ 
moved.  The  solution  should 
be  freely  agitated  before 
using.  The  time  occupied 
in  the  process  varies  from 

A 

fifteen  to  twenty  minutes  in 
wools  containing  seeds,  motes, 
etc.,  to  sixty  minutes  in  wools 
containing  burrs  and  con¬ 
siderable  quantities  of  hard 
vegetable  matter. 

Carbonizing  follows.  It 
comprises  on  the  McNaught’s 
system  burr  crushing  and  dry¬ 
ing  in  the  cylinder  machine 
described  on  page  68.  The 
battoir  or  crusher  is  part  of  the 
feed  motion  of  the  dryer,  but  possesses,  in  addition  to  the 
ordinary  rollers,  several  pairs  of  fluted  rollers  between 
which  the  wool  is  attenuated  and  the  burrs  and  vegetable 
substances  are  thoroughly  crushed  or  broken.  Such  rollers 
nearly  touch  each  other,  and  are  held  in  position  by  springs. 
By  Petrie’s  system,  the  steeped  wool  after  being  squeezed 
or  pressed  is  treated  in  the  chamber  drying  machine. 

The  wool  may  now  be  teazed  to  effectually  shake  out 
any  vegetable  impurities  and  better  prepare  it  for  carding, 
and  then  neutralized.  This  is  done  in  an  alkali  bath.  The 
first  bowl  contains  clean  water,  and  should  be  drained  off: 
to  the  second  bowl,  some  alkali — such  as  soda  ash — mav 

7  %J 


Fig.  34a.  Section  of  Sykes’  Burring 
Machine,  showing  relation  of  the 
Cylinder  Blades  to  the  Comb. 
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be  added;  third  bowl  of  ordinary  construction,  a  per¬ 
centage  of  soap  and  alkali  used  to  produce  a  bath  that 
will  leave  the  vTool  free  from  all  acid  traces.  The  wool 
is  now  dried  and  ready  for  subsequent  operations. 

33.  Oiling. — Having  deprived  the  wool,  by  scouring,  of 
its  natural  lubricant,  the  “  suint,"  its  condition  is  such  that 
if  passed  on  to  the  scribbler  without  being  oiled,  much  waste 
of  fibre  would  ensue.  After  washing  and  drying,  the  fibres 
lack  adhesiveness,  and  hence  a  quantity  would,  if  not 
lubricated,  be  cast  off  the  different  cylinders  of  the  carding 
machines  in  the  scribbling  processes,  and  form  what  are 
called  flyings  or  droppings.  Oil  is  applied  to  the  wool  to 
minimize  the  production  of  such  flyings,  and  also  to  soften 
and  impart  smoothness  to  the  fibres.  By  affording  these 
qualities  to  the  material,  it  causes  the  filaments  to  glide 
past  each  other  with  as  little  friction  as  possible,  and 
facilitates  separation  and  re-adjustment  of  the  same,  pre¬ 
serving,  by  so  doing,  to  some  extent,  the  natural  length  of 
the  staple. 

There  are  various  compositions  used  in  oiling  wool,  but 
one  of  the  best  lubricants  is  olive  or  Gallipoli  oil.  Unctuous 
to  the  feel,  and  almost  colourless,  it  is  suitable  for  this 
purpose.  About  two  gallons  of  this  oil  are  applied  to 
120  pounds  of  wool. 

Oleines,  which  are  also  largely  used  as  wool-lubricants, 
are  obtained  by  pressure  from  animal  fats,  and  are  known 
in  the  trade  as  tallow  oleines,  lard  oleines,  and  neat’s-foot 
oil.  That,  however,  applied  to  wool  is  mainly  derived  from 
oleic  acid,  separated  from  stearine,  a  mixture  of  which 
occurs  as  a  result  of  one  of  the  processes  in  the  manufac¬ 
ture  of  candles.  By  distillation,  oleine  is  obtained  from 
the  oleic  acid,  while  the  stearine  is  used  in  candle  produc¬ 
tion.  If  due  care  has  not  been  observed,  the  oleine  is 
liable  to  be  contaminated  with  the  sulphuric  acid  employed 
in  some  stages  of  its  manufacture,  which  injuriously  affects 
the  wire  teeth,  or  “  card-clothing,”  covering  the  cylinders  of 
the  scribbling  machines.  This  necessitates  frequent  grind¬ 
ing  and  cleaning  of  the  cards.  The  wool  also  suffers  by 
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the  action  of  the  acid,  its  colour  being  injured,  which 
implies  the  production  of  a  less  valuable  cloth  and  con¬ 
sequent  loss. 

A  hand  method  of  oiling  wool  is  that  of  using  an  ordin¬ 
ary  can  with  a  large  T-shaped  nozzle.  A  layer  of  material 
is  spread  on  the  floor,  then  the  oil  distributed  over  it  as 
evenly  as  possible,  the  operation  being  repeated  till  a 
large  sheet  or  bed  of  wool  has  been  piled  up.  Another 
method  is  to  apply  the  oil  as  the  wool  is  fed  into  the 
Teazer,  or  Fearnought.  An  oil  tank  is  placed  over  the 
feed  sheet,  and  the  oil  or  prepared  solution  is  sprayed  by 
a  revolving  brush  on  to  the  material.  The  supply  of  oil 
should  be  quite  uniform  and  regulated  as  required.  What¬ 
ever  method  of  lubrication  is  adopted,  the  object  should 


Fig.  35.  -  ‘  Fig.  35 a.  Fig.  356. 


be  to  impart  the  same  quantity  of  the  lubricant  to  every 
portion  of  the  wool. 

34.  Blending. — This  is  an  important  section  in  the 
routine  of  yarn  manufacture — both  woollen  and  worsted. 
It  comprises  (1)  the  blending  or  mixing  of  two  or  more 
qualities  of  materials;  and  (2)  the  blending  of  dyed 
materials  of  similar  or  different  qualities  for  producing 
various  shades  of  “  mixture  ”■  yarns. 

Strictly,  there  is  more  latitude  for  the  blending  of  fibres 
of  different  lengths  and  qualities  in  producing  woollen 
than  worsted  yarn.  Uniformity  of  length  of  staple  is  of 
greater  value  in  the  latter  than  in  the  former.  Without 
this  quality  a  level  roving — one  in  which  the  fibres  are 
straightened  and  regularly  overlap  each  other  would  be 
difficult  to  obtain.  In  woollen  carding  and  spinning  it  is 
a  common  practice  to  blend  say  a  New  Zealand  wool  with 
an  average  staple  of  2  \  to  3  inches  with  mungo  only  having 
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a  staple  of  a  fraction  of  an  inch  in  length.  “  Levelling  ”  in 
making  a  worsted  thread  is  dependent  upon  frequent 
doublings  and  draftings — or  the  repeated  combination  of 
a  number  of  slivers,  and  drawing  them  out  between  pairs 
of  rollers  having  dissimilar  surface  speeds.  Now  the  dis¬ 
tance  between  the  front  and  back  pair  of  such  rollers  in 
each  drawing  and  roving  box,  has  necessarily  to  be  ad- 


FlG.  36.  Platt’s  Fearnought  or  Tenter-liook  Willow. 


justed  to  the  mean  between  the  average  longest  and  the 
average  shortest  fibres  in  the  material  being  treated ;  and 
such  a  working  adjustment  would  not  be  feasible,  and  a 
satisfactor}^  yarn  spun,  if  there  were  an  excessive  degree 
of  difference  between  the  average  lengths  of  the  wools 
used. 

Blending  Calculations  comprise:  (1)  Ascertaining 
the  cost  per  lb.  when  the  quantities  and  prices  of  the 
several  materials  are  known;  (2)  Finding  of  the  relative 
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quantities  of  the  several  materials  when  the  prices  are 
given  and  the  cost  per  lb.  of  the  blend  fixed;  (3)  Given 
the  total  weight  of  the  blend,  also  the  price  per  lb.  to  find 
the  proportionate  quantities;  (4)  The  price  per  lb.  and 
weight  of  the  materials  known,  and  also  the  prices  of  the 
remaining  materials  and  their  cost,  to  find  the  proportion¬ 
ate  quantities  which  are  not  stated. 

Ex.  1.  A  blend  is  composed  of  40%  of  English  cross¬ 
bred  wool  @  8c/.,  30%  of  New  Zealand  @  Is.  6c/.,  and  30% 
of  pulled  waste  @  5c/.  .\  40  x  8c/.  +  30  x  18c/.  +  30  x  5 cl. 
=  1,010c/.  +  40  +  30  +  30  =  IOj^cZ.  per  lb. 

Ex.  2.  Required  the  proportionate  quantities  to  give  a 
blend  @  11  d.  per  lb.  Materials  costing  8c/.,.  10c/.,  and 
Is.  3 d.  per  lb. 

Rule. — Group  the  values  under  each  other,  placing  the 
price  per  lb.  of  the  blend  required  to  the  left;  link  a 
greater  and  a  lesser  value  together,  and  opposite  the  greater 
state  the  difference  between  the  lesser  than  the  average 
(cost  of  blend),  and  opposite  the  lesser  the  difference  be¬ 
tween  the  greater  and  the  average.  Thus: 


Ex.  3.  A  blend  of  240  lbs.  is  required  at  Is.  per  lb. ; 
values  (a)  Is.  8c/.,  ( b )  Is.  4c/.,  and  (c)  10c/.:  state  the  pro¬ 
portionate  quantities.  Proceed  by  the  above  rule,  add  the 
units  of  weight  together  and  state  as  their  total  is  to  each, 
the  weight  of  the  blend  is  to  each  quantity.  Thus  : 


Ans. 


G)  =  24?«x  2  =  30  lb- 

lb 


240  lb. 


Ex.  4.  There  are  three  packs  of  wool  (720  lb.)  in  stock 
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Plate  X. 
Fig.  37. 


C0GK3PUR  OR  TENTER-HOOK  FEARNOUGHT 

WITH  “OILER”  APPARATUS  OVER  FEED  LATTICE. 
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Fig.  38.  A  method  of  driving  the  Workers  and  Strippers  of  the  Fearnought. 
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@  Is.  per  lb.,  and  a  blend  has  to  be  produced  @11  cl.  The 
remaining  materials  being  noils  @  10c?.  and  mungo  @  8 cl. 
What  quantities  of  noils  and  mungo  should  be  used? 


Ans. 

(a.)  fixed  quantity  =  720  lb. 
720  x  1  ‘ 

"  4  ' 

720x1 
4 


(0  = 
00  = 


=  180  lb. 
=  180  lb. 


Mixtures.  Blending,  as  stated,  in  addition  to  allowing 
of  various  fibres  being  introduced  into  the  same  thread, 
also  comprises  a  combination  of  several  colours,  or  shades 
of  the  same  or  different  materials.  It  thus  affords  ample 
scope  for  the  origination  of  divers  shades  in  mixture  yarns 
for  cheviots,  worsteds,  and  other  classes  of  fabrics. 

One  or  two  illustrations  will  clearly  show  how  the  pro¬ 
cess  of  blending  can  thus  change  the  character  of  the  yarn. 
Supposing,  for  example,  that  it  is  required  to  make  three 
neutral  grey  mixture  yarns,  namely,  dark,  medium,  and 
light  grey  respectively:  Now,  as  black  and  white  when 
mixed  with  each  other  produce  grey,  it  will  only  be  ne¬ 
cessary  to  blend,  card,  and  spin  certain  quantities  of  black 
and  white  wool  together,  varying  in  proportion,  one  to  the 
other,  according  to  the  tone  of  the  mixture  yarn  required. 
Thus,  three  parts  of  black  wool  blended  with  one  part  of 
white  wool  would  give  the  dark  grey  (Fig.  356) ;  equal 
parts  of  black  and  white  would  give  a  similar  shade  to  that 
represented  in  Fig.  35 a ;  and  the  light  grey  (Fig.  35)  would 
be  formed  by  blending  three  parts  of  white  wool  with  one 
part  of  black  wool.  Other  colours  might  be  added  in  prac¬ 
tice  to  impart  bloom  and  tone  to  the  blends;  but  these 
examples  adequately  show  the  effect  of  combining  black 
and  white  in  the  production  of  grey  shades. 

Preparing  the  Blend.  As  the  object  in  blending  is  to 
thoroughly  mix  the  fibres  together  as  they  will  form  a 
thread  in  which  they  are  not  readily  distinguished  from 
each  other,  much  care  is  exercised  in  preparing  the  ma¬ 
terials  for  carding,  condensing,  and  spinning.  The  materials 


}  r, 



Fig.  39.  Belt  or  Strap  Drive  for  Fearnought. 
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for  combination,  after  having  been  teazed,  are  bedded  or 
arranged  in  layers  one  above  the  other,  in  regular  succes¬ 
sion.  Thus,  if  the  blend  consists  of  different  classes  of 
wools  of  the  same  shade,  a  foundation  layer,  some  few 
inches  in  thickness,  of  one  wool  is  distributed  evenly  over 
a  prescribed  space  on  the  floor.  This  “  spreading  ”  having- 
been  oiled,  a  layer  of  a  different  class  of  wool  is  added  and 
oiled,  the  processes  of  Spreading  and  oiling  being  repeated 
to  the  completion  of  the  “  bed.’’  In  order  to  preserve  the 
condition  of  the  blend,  when  passing  the  material  on  to 
the  teazer  with  the  object  of  forming  a  more  promiscuous 
mixture,  the  sheet  is  cut  into  vertically,  and  not  trans¬ 
versely.  When  two  or  more  colours — say,  for  instance, 
black,  tan,  and  green — are  introduced  into  the  blend,  the 
routine  is  as  follows  :  a  layer  of  black  is  uniformly  spread  ; 
then  comes  a  layer  of  tan,  and  lastly  a  layer  of  green,  the 
order  being  repeated  to  the  top  of  the  pile.  The  thick¬ 
nesses  of  the  individual  layers  vary  according  to  the 
quantity  of  each  colour  required  to  form  the  proper  mix¬ 
ture.  Each  layer  also  receives  its  proportionate  share  of 
lubrication.  A  blend  of  this  character,  in  order  to  insure 
the  production  of  an  even  thread,  may  be  passed  through 
the  teazer  two  or  three  times. 

If  the  mixture  thus  obtained  is  intended  to  be  used 
with  other  stock,  that  is,  for  combining  with  cotton,  silk 
waste,  etc.,  it  is  sheeted  up  till  required,  in  which  con¬ 
dition  it  is  designated  “  mellowing.” 

O  O  i 

In  cases  where  cotton  forms  a  portion  of  the  bed  the 
main  point  to  be  observed  is  to  prevent,  as  much  as  pos¬ 
sible,  oil  from  getting  on  to  this  fibre.  A  layer  of  teazed 
cotton  is,  in  such  blends,  first  spread  for  a  foundation, 
then  layers  of  wool  and  cotton  alternately,  the  oil  being- 
distributed  on  the  wool  alone.  Should  “  mellowing  ”  be 
used,  no  oil  is  required.  When  wool,  cotton,  and  mungo 
cotton  are  blended  together  the  order  is  to  deal  with  the 
two  former  first,  by  making  a  bed  of  teazed  wool  and 
cotton  in  alternate  strata — this  is  now  run  through  the 
teazer  and  makes  an  “angola’’  mellowing,  i.e.,  a  mixture 


zifA 


=  Feed  Rollers.  w1,  w7,  w12  =  Workers.  c,  c',  c2  =  Strippers. 

=  Taker-in.  B  =  Fancy  or  Cleaner.  D  C  =  Doffing  Comb. 
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of  wool  and  cotton.  A  new  bed  is  next  composed  of  this 
angola  blend,  and  mungo  of  one  or  several  shades,  each 
being  taken  in  succession  in  spreading  the  layers,  however 
many  colours  are  employed.  If  necessary,  a  little  oil  is 
imparted  to  the  mungo.  This  bed  complete,  the  whole  is 
submitted  to  the  action  of  the  cylinders  of  the  teazer,  when 
it  is  ready  for  the  scribbler. 

36.  Fearnought. — To  better  disentangle  the  fibres,  and 
more  perfectly  mix  the  materials  before  carding  proper, 
they  are  generally  passed  through  the  fearnought,  or 
tenter-hook  willey  (Fig.  36).  The  latter  name  has  been 
applied  to  this  machine  on  account  of  the  peculiar  shape  of 
the  teeth  inserted  in  the  swift  or  main  cylinder.  The  main 
cylinder  (Fig.  37,  Plate  X)  is  some  48  inches  in  dia¬ 
meter,  and  makes  from  150  to  160  revolutions  per  minute. 
The  larger  cylinders,  w,  are  named  “workers,”  and  those 
lettered  s,  “  strippers.”  There  are  four  pairs  of  these  rollers 
over  the  swift.  The  material,  after  having  been  spread  on 
the  feed-lattice,  is  passed  forward  to  the  main  cylinder  by 
the  feed-rollers,  when  the  workers  and  strippers  engage  the 
tufted  and  matted  locks,  and  cross  and  intermix  the  fibres 
together.  The  fan,  f,  Fig.  39,  or  doffer,  Fig.  37,  draws  the 
wool  from  the  cylinder  and  casts  it  out  of  the  machine. 
In  order  to  prevent  waste  arising  from  loose  fibres  flying- 
off  the  cylinders,  the  rollers  are  covered  with  a  casing 
of  sheet-iron  when  in  operation.  The  machine  is  similarly 
enclosed  underneath,  but  here  there  are  perforations  in  the 
casement  to  allow  any  hard,  dirty  substances  to  escape, 
while  the  loose  fibre  remains  on  the  grating. 

The  arrangement  of  the  working  parts  of  another  type 
of  machine  and  methods  of  driving  are  sketched  in  Figs. 
38  and  39.  The  workers  in  this  instance  are  chain-driven 
(dotted  line),  and  the  strippers  rope  driven  off  pulley  a, 
the  rope  passing  round  guide  g  and  strippers  s1  to  s5. 
Motion  is  communicated  to  the  doffer  by  the  belt  of  the 
driving  pulley  passing  over  the  upper  guides  b  b,  and  the 
lower  guide  b  and  round  pulley  f.  In  certain  makes  of 
fearnoughts  chain  and  gear  driving  is  adopted. 


WOOLLEN  YARN  MANUFACTURE 


91 


The  diameters  and  speeds  of  the  different  rollers  of  one 
type  of  machine  are  : 


Diameter.  Revs,  per  minute. 

Main  Cylinder  or  Swift  .  48"  50"  150-160 

Workers . 8"  10"  8 

Strippers . 7"  8"  7 

Doffer . 18"  22" 


Output:  1,000  to  1,200  lb.  per  hour. 


37.  Pulled- Waste  Machinery. — The  machinery  used  for 
reducing  the  waste  yarn  from  the  operations  of  spinning, 


Fid.  41.  Tliree-Cylincler  Garnett  Machine. 

FS  =  Feed  Sheet.  d,  d1,  D2  =  Doffers. 

S,  Sl,  S2  =  Cylinders.  D  c  =  Dorting  Comb. 

B,  is1,  B2  =  Fancies  or  Cleaners. 

warping,  weaving,  etc.,  to  a  fibrous  material  or  into  a  con¬ 
dition  for  re-carding,  is  termed  Garnetting  machinery, 
after  the  name  of  the  maker  and  the  inventor.  It  is,  as 
will  be  observed,  similar  in  principle  of  construction  to  a 
carding  machine,  consisting  of  one  or  more  large  swifts, 
over  which  are  fixed  a  number  of  smaller  rollers  or 
workers  (Figs.  40  and  41). 

Should  the  waste  yarn  to  be  treated  be  knotty,  and 
contain  hard  matted  portions,  it  is  first  run  through  the 
knot  breaker  or  preparer,  the  object  being  to  break  all 
knots  and  open  the  material  so  that  it  may  be  more 
evenly  spread  on  the  feed  sheet  of  the  Garnett.  It  is 
a  one-cylinder  machine  covered  with  saw-shaped  teeth 
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or  garnett  clothing,  with  electrically  hardened  and  tem¬ 
pered  steel  points,  but  set  more  open  than  in  the  ordinary 
Garnett  machine.  The  cylinder  is  24^"  in  diameter,  and 
revolves  at  a  high  speed.  Over  this  are  placed  seven 
workers  driven  by  cogwheel  gearing  from  the  main  shaft. 

There  are  several  types  of  “  Garnetts.”  They  do  not 
differ  essentially  from  each  other  in  principle  of  action  or 
construction  but  in  the  dimensions  of  the  rollers,  number 
of  the  swifts — one,  two,  or  three,  and  in  the  number  of  the 
workers.  The  two  latter  are  varied  to  suit  the  material  to 
be  opened.  Fig.  40  is  a  line  drawing  of  a  two-swift 
machine,  and  Fig.  41  a  view  of  a  three-swift  machine. 
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Fig.  41a.  Garnett  Wires  for  Rollers  of  Waste  Opening  Machine. 

Front  rollers  have  usually  12  to  16  teeth  per  inch. 

Intermediate  rollers  20  teeth  per  inch. 

Back  rollers  24  ,,  ,, 

Fig.  40  is  the  class  of  “  garnett  ”  employed  for  treating 
hard-twisted  woollen,  worsted,  and  silk  Avaste.  It  may  be 
built  in  two  parts  and  converted  into  a  single  swift  machine 
by  removing  s2  with  its  complement  of  rollers. 

The  “waste”  material  is  spread  on  the  feed  sheet  e  s, 
and  conveyed  to  the  first  taker-in,  t,  by  the  feed  rollers 
f,  f1,  and  f2.  The  bulk  of  the  material  is  conveyed  by 
the  swift  to  the  workers.  The  small  portion  escaping  its 
wi  re  clothing  is  received  by  taker-in  t1,  and  passed  on  to  sl. 
The  workers,  w,  which  are  all  covered  like  the  cylinder 
with  Garnett  wire — samples  of  which  are  shown  in  Fig. 
41a — open  the  waste  yarn  reducing  it  to  filaments,  in 
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which  condition  it  is  carried  forward  to  the  first  doffer,  d. 
The  fancy,  b,  raises  the  material  on  to  the  teeth  of  the 
clothing ;  and,  in  conjunction  with  angle  roller  c,  facilitates 
its  removal  from  the  swift  by  the  doffer.  This  roller  con¬ 
veys  it  to  angle  stripper,  c2,  which  places  it  on  s2,  when 
the  routine  of  opening  the  material  is  repeated.  Reaching 
d1  it  is  cleared  from  the  clothing  of  that  roller  by  a  doffing 
comb  having  a  like  action  to  the  doffing  comb  in  a  carding 
machine. 

The  diameters  of  the  several  rollers  are  as  follows:  Feed 
rollers,  2-|";  1st  taker-in,  12";  2nd  taker-in,  9";  Swifts, 
30";  Doffers,  24";  Workers,  4";  Fancies,  11"  or  9";  Fancy 
Strippers,  6".  The  quantities  of  waste  which  may  be 
“  Garnetted”  by  a  two-swift  machine  per  ten  hours  varies 
with  the  width,  namely,  36"  on  the  clothing,  200  lb. ;  48", 
280  lb.  ;  and  60",  350  lb. 

The  output  necessarily  varies  on  different  materials  ;  on 
fine,  hard-twisted  waste  these  quantities  might  be  slightly 
reduced,  but  on  more  open  materials  considerably  in¬ 
creased. 
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WOOLLEN  YARN  CONSTRUCTION:  CARPING, CONDENSING, 
SPINNING  AND  TWISTING 

38.  Nature  and  Objects  of  the  Process  of  Carding — 39.  Composition 
of  Sets  of  Carding  Machinery — -40.  Functions  of  the  different  Parts 
of  a  Carding  Machine — 41.  Passage  of  the  Material  through  the 
Machine — 42.  Carder  for  Producing  a  Woollen  Thread  with  Worsted 
Characteristics— 43.  Speeds  of  the  Cylinders — 44.  Relation  of  the 
Teeth  of  the  Card  Clothing  on  the  different  Rollers  to  each  other — 
45.  Card  Clothing— 46.  Sets  of  Card  Clothing — 47.  Setting  or 
Proximity  of  the  Rollers  to  each  other — 48.  Automatic  Feeds — 
49.  Preparatory  Motions  for  the  Scribbler  and  Carder— 50.  Modes 
of  conveying  the  Scribbled  Wool  from  one  Machine  to  another — 
51.  Component  Parts  of  Machines  and  Carding  Surface — 52.  Ex- 
amjiles  and  Applications  of  various  sets  of  Machines — 53.  Methods 
of  Driving  Carding  Machines  —  54.  Condensing  —  55.  Types  of 
Condensers — 56.  Spinning — 57.  Compound  Nature  of  Spinning — 
58.  Winding  the  Yarn_-on  the  Spindles — 59.  Method  of  Driving — 
60.  Continuous  Spinning  of  Woollen  Yarn — 61.  Comparison  between 
Mule  and  Frame  Spun  Yarns — 62.  The  Twisting  Frame. — Pro¬ 
ductive  Power  op  Machinery  used  in  Woollen  Yarn  Manu¬ 
facture. 

38.  Nature  and  objects  of  the  Process  of  Carding. — This 
process  is  a  continuation,  on  a  systematic  principle,  of  the 
disentangling,  opening,  and  mixing  of  the  fibres  of  the 
material  commenced  in  the  teazer  and  fearnought.  Card¬ 
ing  completes  the  work  of  these  two  machines,  and  pre¬ 
pares  the  wool  for  condensing  and  spinning. 

Summarizing  the  objects  of  the  process  they  comprise: 
(a)  To  separate  fibre  from  fibre,  open  out  the  staple, 
and,  to  a  certain  degree,  to  comb  the  material ;  for  as  the 
wool  is  being  propelled  forward  on  the  card  clothing  of 
the  cylinder  and  successively  taken  up  by  the  teeth  of  the 
rollers  revolving  adjacent  to  it,  the  filaments  of  the 
staple  are  more  than  disentangled— they  are  actually 
straightened. 
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( b )  To  effect  perfect  blending  of  the  fibres  whether  of 
different  qualities,  thicknesses,  or  lengths. 

(c)  To  produce  an  endless,  flimsy  sheet  of  fibres,  free 
from  neps  and  matted  locks,  of  the  same  compactness  and 
consistency  throughout,  with  the  various  classes  of  fibres  so 
perfectly  mingled  that  the  long,  short,  fine,  coarse,  straight, 
and  curly  are  equally  distributed. 

( d )  To  form,  when  several  shades  or  colours  of  fibres 
are  blended  together,  a  carded  sheet  of  material,  consist¬ 
ing  of  the  same  relative  proportions  of  each  shade  of  wool 
employed  throughout  the  entire  mixture. 

39.  Composition  of  Sets  of  Carding  Machinery. — A  set 
of  carding  machines  may  be  composed  of  two,  three,  or 
four  parts.  The  first  section  in  each  set  is  the  scribbler  or 
breaker.  Should  the  set  comprise  three  parts,  the  second 
part  is  termed  the  intermediate,  and  the  third  the  carder 
and  condenser.  In  a  four-part  machine  the  second  and 
third  are  defined  as  the  first  and  second  intermediates. 
These  several  parts  vary  in  composition,  as  will,  after¬ 
wards  be  explained,  in  adapting  them  for  the  carding  of 
materials  of  different  qualities,  lengths,  and  fineness.  The 
function  of  the  cylinders  and  rollers,  and  nature  of  the 
process  or  work,  are  the  same  in  scribbler,  intermediate, 
and  carder. 

40.  Functions  of  the  different  Parts  of  a  Carding  Ma¬ 
chine. — Figs.  42,  42a,  Plates  XIII  and  XIY.  Angle 
Strippers,  g,  g1,  g2.  These  rollers  are  not  workers  or 
openers  of  the  wool,  but  are  used  for  the  purpose  of  passing 
it  from  one  section  to  a  following  section  of  the  machine. 
The  first  of  the  series,  g,  is  fixed  between  the  taker-in  and 
the  breast  cylinder;  the  second,  G1,  between  doffer  f  and 
the  main  cylinder  m1,  and  the  third,  G2,  between  doffer  f1 
and  the  main  cylinder  M2,  and  so  on  whatever  number  of 
cylinders  there  may  be  in  the  scribbler  or  carder. 

Workers.  These  operate  upon  the  wool  at  different 
parts  on  the  breast  and  other  cylinders.  They  are  8"  or  9" 
in  diameter.  The  points  of  the  clothing  with  which  they 
are  covered  should  be  sharp  and  fine  to  lay  hold  of  the 
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wool.  Workers  and  strippers  are  set  closer  to  the  cylinders, 
and  increase  in  fineness  of  wire  progressively,  that  is,  ac¬ 
cording  to  the  position  they  occupy  in  the  machine. 

Strippers.  These  rollers — some  3 "  to  5"  in  diameter — 
are  also  termed  cleaners.  After  opening  the  wool  in  con¬ 
junction  with  the  workers,  they  yield  it  up  to  the  clothing 
of  the  swift. 

Main  Cylinders  or  Swifts  are  some  48"  to  50"  in  dia¬ 
meter,  and  make  from  60  to  80  revolutions  per  minute. 
For  instance,  for  the  treatment  of  free  and  open  wools,  a 
surface  speed  of  1,000'  per  minute  maybe  reached,  but  for 
fine  wool  and  short-stapled  material  like  mungo,  700'  to 
800'  is  a  fair  average.  Strictly,  the  main  cylinders  are 
more  “conveyers’’  than  “carders”  of  the  material,  ad¬ 
vancing  it  from  worker  to  worker,  and  finally  delivering 
it  to  the  doffer. 

Clearer  or  Fancy.  This  roller — one  for  each  part  of 
the  set  of  machines — is  covered  with  long  elastic  clothing 
resembling  a  strong  metallic  brush.  Its  surface  speed  ex¬ 
ceeds  that  of  the  swift  by  about  one-fifth.  As  a  rule,  it  is 
set  moderately  deep  into  the  clothing  of  the  cylinders  in 
order  to  disturb  the  fibres  which  become,  during  the  pro¬ 
cesses  of  carding,  embedded  between  the  teeth  of  the 
clothing  of  the  cylinder;  but  it  should  not  be  set  so 
deeply  as  to  produce  “fly,”  or  throw  the  fibres  off  the 
cylinder,  its  function  being  merely  to  raise  the  material  on 
to  the  points  of  the  wire. 

The  Doffer  removes  the  carded  fibres  which  collect  on 
the  surface  of  the  swift.  In  fine  work  it  is  some  24"  in 
diameter,  but  in  coarse  work  36",  being  set  as  close  as 
possible  to  the  swift.  The  points  of  its  clothing  should  be 
both  sharp  and  keen  to  secure  a  clean  stripping  of  the 
fibres  off  the  main  cylinder. 

The  Doffing  Comb  is  fixed  slightly  above  the  axle  of 
the  doffer.  When  carding  short  wools  it  requires  a  high 
up-stroke,  but  for  long  avooIs,  with  an  increased  speed  of 
the  doffer,  a  low  up-stroke.  The  comb  should  not  touch 
the  clothing  of  the  doffer,  but  be  set  quite  close.  Its 


H 


VIEW  OF  INTERMEDIATE  (CARDING)  MACHINE,  SHOWING  SCOTCH  FEED  ATTACHMENT  WITH  MATERIAL, 


WOOLLEN  YARN  CONSTRUCTION  99 

action  should  also  be  as  slow  as  consistent  with  a  satis¬ 
factory  delivery  of  the  material. 

On  Plate  XI  a  view  is  given  of  a  section  of  an  inter¬ 
mediate  machine  showing  the  feed  rollers,  and  a  stripper 
and  a  worker,  c  and  d,  as  seen  when  in  actual  operation. 
The  view  on  Plate  XII  is  of  the  “  Doffer  ”  end  of  the 
machine,  and  shows  the  upper  part  of  the  doffer  f,  a  small 
section  of  the  swift  m,  the  fancy  e,  a  pair  of  workers  d, 
and  a  stripper  c.  Observe  in  both  illustrations  the  clean 
condition  of  the  clothing  of  the  strippers,  but  the  quantity 
of  fibre  covering  the  workers,  indicating  that,  in  carding, 
such  rollers  remove  the  wool  from  the  clothing  of  the 
strippers  which  the  latter  have  received  from  the  clothing 
of  the  cylinder,  and  which,  after  separating  and  straighten¬ 
ing  or  combing  between  worker  and  stripper,  is  returned 
to  the  active  cylinder  to  be  carried  forward  to  a  succeed¬ 
ing  pair  of  workers  and  strippers. 

The  brush  quality  of  the  clothing  of  the  “fancy”  e — 
which  is  almost  free  of  fibre — is  distinctly  noticeable  in 
the  photograph  on  Plate  XII.  The  part  of  the  swift 
visible  is  near  the  point  at  which  it  comes  in  contact  with 
the  doffer,  the  material  adhering  to  its  clothing  being  in  a 
suitable  fleecy  state  to  be  effectually  transferred  on  to  the 
surface  of  doffer  e. 

41.  Passage  of  the  Material  through  the  Machine. — 
Figs.  42,  42a,  Plates  XIII  and  XI Y.  The  material  is 
spread  on  the  feed  lattice  either  automatically  or  by 
hand,  but  almost  invariably  by  the  former  method.  Un¬ 
even  or  irregular  spreading  of  the  wool  on  the  feed  causes 
faulty  and  unsatisfactory  carding.  Before  the  material  is 
transferred  to  the  breast  cylinder,  m  (Fig.  42),  it  under¬ 
goes  a  preliminary  mixing  which  determines  the  quantity 
passed  forward  and  opens  the  more  matted  locks  of  the 
wool.  This  is  accomplished  by  five  rollers,  the  “feeds  v 
1,  2,  and  3,  the  taker-in,  a,  and  the  angle-stripper,  g.  As 
the  material  is  carried  into  the  machine  by  the  “feed”  it 
is  collected  by  the  wire  clothing  of  No.  1,  and  a  portion 
of  it  conveyed  to  the  taker-in,  a.  Feed  roller  2  also 
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obtains  its  share  of  wool,  which  is  opened  between  this 
roller  ancl  No.  3,  being  delivered  also  to  the  taker-in.  The 
fibres  are  now  yielded  up  to  the  angle- stripper,  G,  which 
by  reason  of  its  velocity  cleans  a. 

At  this  juncture  the  actual  or  real  process  of  scribbling 
begins.  The  wire  teeth  of  the  breast  cylinder — having 
say  a  surface  speed  of  800'  per  minute — propel  the  material 
forward  until  it  is  met  by  the  first  pair  of  strippers  and 
workers,  c,  d  (Plate  XI).  The  worker,  which  is  placed 
behind  the  stripper  is  the  larger  roller,  and  removes  a  part 
of  the  wool  off  the  cylinder,  while  the  stripper — after  some 
■opening  of  the  staple  and  separation  of  the  fibres  have  been 
done — regains  it  from  the  worker  and  transfers  it  to  the 
■cylinder.  This  process  is  repeated  by  each  pair  of  workers 
and  strippers  in  the  machine. 

It  is  not  the  object  of  the  scribbler  to  effect  at  a  single 
process  a  perfect  separation  and  re-blending  of  the  fibres, 
for,  in  so  doing,  it  would  be  liable  to  break  the  staple  of 
the  wool :  hence  the  numerous  pairs  of  rollers  and  the 
number  of  large  cylinders  forming  a  complete  set  of  card¬ 
ing  machines.  The  first  pair  of  rollers  deals  with  the  more 
felted  lots  of  the  wool,  being,  as  already  explained,  set 
farthest  oft’  the  cylinder  and  also  the  coarsest  in  the  wire, 
and  containing  the  smallest  number  of  teeth  of  any  pair 
employed.  The  material  escaping  their  clothing  is  dealt 
with  by  the  second  worker  and  stripper,  while  the  less 
matted,  or  partially  treated  wools,  are  acted  upon  by  the 
third  pair,  and  so  on  throughout  the  operation.  By  this 
•successive  and  frequent  transfer  of  the  wool  from  the  wire 
teeth— gradually  increasing  in  fineness  of  pitch  from  one 
pair  of  rollers  to  another — a  continuous  and  increasingly 
effective  opening  of  the  material  proceeds  from  its  enter¬ 
ing  the  machine  to  leaving  the  same  at  the  doffer. 

The  principle  on  which  the  material  is  at  various  stages 
of  the  work  released  and  recovered  by  certain  rollers  can 
only  be  followed  when  it  is  borne  in  mind  that  they  are 
covered  with  fine,  pliant,  wire  teeth,  and  that  they  have 
-different  velocities  and  are  of  different  diameters.  The 
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principle  of  the  operation  is  this:  the  teeth  of  one  roller 
work  against  those  of  an  adjoining  roller  in  recovering 
and  drawing  out  the  material  which  they  both  possess, 
while  a  third  roller,  that  is,  the  main  cylinder,  with  a 
large  surface  velocity,  is  constantly  propelling  the  fibres 
from  one  couple  of  rollers  to  another.  Supposing,  for  illus¬ 
tration,  the  wire  of  any  particular  roller  is  charged  with 
wool,  and  that  it  comes  in  contact  with  the  teeth  of  an 
adjacent  roller,  revolving  either  at  a  different  speed  or  in 
a  contrary  direction,  then  the  material  will  necessarily  be 
opened,  straightened,  crossed,  and,  in  a  measure,  combed 
between  their  movements — a  condition  which  is  no  sooner 
acquired  than  the  propelling  roller  takes  the  fibres  and 
conveys  them  a  stage  nearer  the  exit  end  of  the  machine. 
This  is  an  epitome  of  what  is  repeatedly  transpiring  in 
the  scribbling  and  carding  operations. 

42.  Carder  for  producing  a  Woollen  Yarn  with  Worsted 
Characteristics. — This  (Brown’s  Patent)  is  illustrated  in 
Fig.  43.  The  object  is  to  pass  the  material  through  the 
machine  in  an  unbroken  fleece,  shown  by  the  thick  black 
line.  The  material,  as  seen,  is  served  into  the  machine  in 
the  ordinary  way.  From  the  taker-in,  t,  it  is  carried 
under  the  tumbler,  a,  below  which  is  a  grid  through  which 
vegetable  and  foreign  matter  falls  into  a  receiver.  This 
arrangement  provides  for  any  surplus  fibres,  on  the 
cylinder  being  removed,  worked,  and  again  passed  forward. 

Reaching  the  first  worker,  b,  the  opening;  process  com¬ 
mences  between  the  action  of  this  roller  and  the  cylinder. 
The  small  plain  rollers,  c,  prevent  the  wool  from  falling 
on  the  cylinder  before  it  reaches  the  point  of  contact  of 
the  worker  and  the  cylinder,  by  which  means  the  fibres  are 
equalized,  and  kept  and  delivered  in  a  regular  sheet  or 
fleece  on  the  doffer.  The  speed  of  the  workers  and  rollers, 
c,  is  accelerated  from  b  to  the  last  worker  on  the  cylinder. 
Only  one  stripper  is  employed  and  that  placed  at  the  end 
of  each  set  of  workers  in  the  machine,  only  one  stripper  is 
applied,  and  that  fixed  at  the  end  of  each  series  of  workers. 
In  the  carded  fleece  resultant,  the  fibres  are  more  even 
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and  straighter  in  arrangement  than  on  the  ordinary  system, 
giving  a  spun  thread  with  some  of  the  level  qualities  of  a 
worsted  yarn. 

43.  Speeds  of  the  Cylinders. — This  in  practical  work 
requires  careful  adjustment.  One  series  of  speeds  is  not 
suitable  for  all  classes  of  blends  and  wools.  The  main 
cylinders,  for  example,  vary  from  sixty  to  one  hundred 
revolutions  per  minute,  and  the  doffers  from  three  to  ten 
or  more.  For  all  wool  blends  intended  to  be  spun  into  tine 
yarns,  eighty  to  ninety  is  a  good  average  for  the  swifts; 
for  coarse,  strong  wools,  or  blends  of  mungo  and  wool, 
seventy  is  the  standard  velocity.  If  the  cylinders  re¬ 
volve  too  quickly  when  carding  coarse  blends,  the  quantity 
of  fibres  which  fall  underneath  the  machine  in  the  form 
of  “  droppings  ”  is  largely  increased.  The  fancies,  for  a 
like  cause,  have  in  such  cases  to  be  run  slowly,  otherwise 
they  cast  off  a  lot  of  loose  fibres  as  “  flyings.”  The  motion 
of  the  workers  and  strippers,  on  the  other  hand,  should 
in  this  class  of  work  be  accelerated,  the  speed  of  these 
rollers  generally  being  the  highest  when  the  materials  are 
coarsest  in  quality ;  but  in  wools  requiring  well  “  working,” 
or  much  carding,  the  speed  of  these  rollers  is  at  the  lowest, 
because  the  longer  the  material  remains  on  the  main 
cylinder  the  more  effectively  is  it  opened.  In  fine  work 
the  doffer  should  make  from  three  to  six  revolutions  per 
minute ;  in  coarse  work  the  first  doffer  might  make  as 
many  as  twenty;  but  the  other  doffers  should  be  speeded 
somewhat  more  slowly.  As  this  roller  “  doffs  ”  the  wool 
off  the  swifts,  the  lower  its  velocity  the  better  are  the 
fibres  carded,  opened,  and  blended. 

In  making  calculations  on  the  carding  process,  what  is 
termed  the  “draft”  must  be  understood.  Assuming,  for 
example,  that  a  draft  of  forty  were  required,  it  would 
mean  that  for  every  lap  spread  on  a  yard  of  the  feed-sheet, 
forty  would  be  delivered  by  the  doffer,  minus  the  small 
loss  occurring  as  the  material  passes  through  the  machine. 
The  rule  for  finding  the  draft  is,  that  driven  wheels  mul¬ 
tiplied  by  the  diameter  of  the  delivering  roller,  divided 
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This  Diagram  indicates  the  diameters  and  velocities  of  the  several  cylinders;  ai 


DESCRIPTION. 

ain  Cylinders  or  Swifts,  with  Scotch  Roper  delivery. 

I* 1  M*  =  Main  Cylinders.  J.,  2,  3  =  Feed  rollers  A  =  Taker-in 
»rs.  D,  Dl  D2  DB  =  Workers.  C,  C1  C2  Ca  =  Strippers 

i  F2  =  Doffers. 


s  XIII  and  XIV,  Figs.  42  and  42a. 

ING  AND  CONDENSING  MACHINES  FOR  FINE  WOOLS. 


o  the  bend  of  the  wire  of  the  Card  Clothing  and  the  relation  of  the  points  of  the  Clothing  covering  rollers  in  ju 


METHOD  C 

'V 

A II  parts  of  the  machine  are  driven  by  the  belt  passing 

Blue  f belt y  lines  =  Drive  of  the  Taker-in  off  the  pulley  (blue)  on  the  shaft  of  t 
Blue  dotted  lines  =  Wheel  gearing  for  driving  the  Doffers;  also  chain  drive  for 
Red  (belt;  line  =  Drive  for  Breast  cylinder,  angle  strippers,  strippers  and  fai 
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RIVING. 

the  inner  pulley  on  the  shaft  of  the  last  cylinder. 

r>east  cylinder;  also  of  M1  off  the  pulley  (blue)  on  the  shaft  of  Cylinder  M~ 
Workers. 
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DESCRIPTION. 

CARDER:  Two  Cylinders  or  Swifts  with  Scotch  Feeder  a 

For  lettered  parts  and  Method  of  Driving,  see 
CONDENSER:  A,  A*  =■  Tape  Rollers.  R,  R1  =  Rubbers.  G,  G*  C 
und  the  rope  pulleys  on  the  fancy  of  the  2nd  cylinder  =  the  rope  drive  for 
iund  the  rope  pulley  on  the  shaft  of  the  2nd  cylinder  and  the  pulleys  R2  R3 


Flates  XIII  AND  XIV,  Figs.  42  and  42a. 

G,  CARDING  AND  CONDENSING  MACHINES  FOR  FINE  WOOL 


Plate  XIV. 


4-bobbin  Tape  Condenser, 
e  descriptive  notes  on  Plate  XIII. 

G3  =  Guide  Rollers.  1,  2,  3  and  4  =  Surface  Drums, 
e  doffing  comb. 

the  drive  for  the  traverse  motion  of  the  Rubbers  R,  RT 


1 


I 


Plate  XIV 
Fig.  42a 
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Fig.  43.  Brown’s  Carder. 
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by  the  drivers,  multiplied  by  the  diameter  of  the  feed 
roller. 

44.  Relation  of  the  Teeth  of  the  Card  Clothing  on  the 
different  Rollers  to  each  other  (see  Plates  XIII  to  XIX). 
— These  features  may  be  examined.  There  are  three  ways 
in  which  the  teeth  of  the  card  clothing  of  one  cylinder  may 
glide  past  those  of  the  clothing  of  an  adjacent  cylinder, 
namely:  (1)  Point  to  point;  (2)  point  to  smooth  side; 
and  (3)  smooth  side  to  smooth  side. 

The  workers,  strippers,  cylinders,  and  doffers,  or  the 
parts  which  accomplish  the  carding,  are  common  to  every 
set  of  machines. 

(1)  When  point  meets  point,  combing  and  opening  of 
the  wool  is  most  effectively  done,  each  roller  gaining  a 
quantity  of  fibre.  This  is  what  happens  between  the 
cylinders  and  workers;  the  higher  speed  of  the  cylinder 
giving  to  it  a  greater  conveying  power.  There  is  the 
same  relation  existing  between  the  wire  teeth  of  the  doffer 
and  the  cylinder,  but  little  carding  effected  because  the 
fibres  have  been  lifted  by  the  “  cleaner”  on  to  the  points 
of  the  clothing  of  the  cylinder,  and,  moreover,  the  doffer 
has  comparatively  a  very  low  circumferential  speed. 

(2)  When  the  point  of  one  card  works  in  a  contrary 
direction  to  the  smooth  side  of  an  opposing  card,  the 
roller  using  the  points  of  the  wire  has  the  higher  clearing 
capacity.  In  the  case  of  the  worker  and  the  stripper,  the 
latter  uses  its  points  against  the  smooth  side  of  the  wire 
of  the  worker,  hence  its  power  to  strip  the  fibres  off  this 
roller.  The  relation  of  the  cylinder  and  the  stripper  in 
this  respect  is  important,  the  bend  of  the  wire  is  the  same 
as  in  the  worker  and  stripper,  plus  the  increased  velocity 
of  the  swift,  so  that  it  passes  opened  wool  forward. 

(3)  The  clothing  of  the  “  fancy  ”  (e,  Plate  XII)  is  illus¬ 
trative  of  this.  Its  smooth  side  works  against  the  smooth 
side  of  that  of  the  cylinder,  and,  in  addition,  it  has  a  high 
surface  velocity  so,  as  explained,  it  acts  more  as  a  brush 
or  cleaner  than  a  carding  factor. 

45.  Card  Clothing. — The  wire  teeth  are  inserted  into 
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the  foundation  in  pairs.  The  angle  of  the  teeth  affects  the 
life  of  the  card  as  well  as  its  working  utility.  The  points 
should  not  be  damaged  by  operating  upon  the  wool.  On 
coming  in  contact  with  the  hard,  matted  tufts  of  fibre 
they  should  bend  under  and  not  turn  back. 

One  object  in  the  manufacture  of  card  clothing  is  to 
make  the  points  as  hard  as  a  needle,  but  highly  tempered 
below  the  bend,  increasing  their  working  efficiency. 
The  hardened  parts  of  the  wire  form  the  points  of  the 
teeth,  and  the  bendable  parts  the  “  crown.”  Fine  cards, 
such  as  110’s  to  150’s,  are  made  of  26’s  to  36’s  wire,  and 
mild  tempered  throughout. 

Clothing  varies  in  counts,  or  the  number  of  teeth  in  a 
given  width  and  length  of  card,  according  to  the  fineness 
of  the  material  for  which  it  is  intended,  and  the  place 
assigned  to  it  in  the  machine. 

Cards  are  of  two  classes,  “  sheet  ”  and  “  fillet.”  Leather 
is  the  most  suitable  foundation  for  the  clothing  for  main 
cylinder  doffers,  workers,  and  fancies.  All  sheet  cards 
are  set  in  leather,  being  from  4"  to  6"  in  width,  and  long 
enough  to  extend  from  end  to  end  of  the  cylinder.  Fillet 
cards  may  have  either  a  composition  or  leather  foundation. 
The  former  allows  of  more  elasticity  or  springiness  in  the 
“  crown  ”  of  the  card.  It  is  made  of  three  or  four  folds  of 
a  linen- warp  and  cotton-weft  fabric,  and  a  layer  of  vul¬ 
canized  india-rubber,  cemented  together  by  a  rubber  solu¬ 
tion.  As  oil  is  injurious  to  this  kind  of  foundation,  it  is 
better  adapted  for  worsted  and  cotton  than  for  woollen 
cards.  Filleting  is  a  satisfactory  clothing  for  rollers  small 
in  diameter,  and  varies  from  ^  to  wide,  being  of  any 
length  required.  A  leather  foundation  is  preferable  in 
fillet  cards  for  covering  the  feed  rollers  and  taker-in  of  the 
scribbler,  in  which  the  teeth  should  be  thick  and  strong. 

The  plan  of  pricking  the  cards,  of  inserting  the  metal 
teeth  into  the  foundation  of  the  clothing,  ma}r  be  plain, 
Fig.  44;  twill,  Fig.  45;  or  alternating,  Fig.  46.  In 
Fig.  45  each  fourth  row  is  a  repetition  of  the  twill,  wire  a 1 
being  identical  with  wire  a.  Twill  setting  produces  a 
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card  with  the  points  well  distributed,  but  when  nailed  on 
the  cylinder  a  distinct  line  or  break  is  formed  where  the 

J 

strips  join  each  other.  To  obviate  this  additional  teeth 
are  inserted  at  the  edge. 

To  ascertain  the  counts  of  card  clothing  measure  5"  on 


Fig.  44. 


Fig.  45. 


Fig.  46. 

Samples  of  Card  Clothing. 

the  back  and  take  the  number  of  teeth  in  a  row.  The 
crown  is  the  number  of  teeth  across  the  width  of  the  card. 
The  Continental  system  is  based  on  the  number  of  points 
in  a  □  centimetre. 

Table  II  illustrates  the  relative  variation  in  the  “counts” 
and  “  crown  ”  of  card  clothing  in  different  parts  of  a  set 
of  machines,  and  also  the  counts  of  the  wire  employed. 
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Analysis  of  the  table  shows : 

I.  In  relation  to  the  counts  of  the  card  clothing : 

(a)  The  greatest  change  in  the  counts  occurs  between 
the  breast  and  the  first  cylinder  or  swift,  namely,  from 
70’s/7’s  to  100’s/9’s  ;  the  next  change  from  the  first  swift 
to  the  second  swift,  100’s/9’s  to  125’s/ll’s,  which  is  also 
the  counts  of  the  first  swift  in  the  carder,  that  of  the  last 
swift  being  135’s/ll’s. 

(b)  Whereas  the  workers  are  of  the  same  or  higher 
counts  as  the  clothing  of  the  main  cylinders  to  which  they 
belong,  those  of  the  strippers  are  lower. 

(c)  The  clothing  of  the  doffers  is  several  counts  higher 
than  that  of  the  first  and  second  swifts  of  the  scribbler, 
and  also  of  the  first  swift  of  the  carder ;  and  approximately 
the  same  counts  as  that  of  the  second  swift  of  the  carder.  In 
no  instance  is  it  lower  than  the  swift  to  which  it  is  attached. 

II.  In  relation  to  the  counts  of  the  wire  (Table  I) : 

(a)  The  chief  difference  in  the  counts  of  the  wire  is 
made  between  the  clothing  of  the  breast  cylinder  and  its 
workers,  strippers,  and  doffer,  and  that  of  the  main  cylin¬ 
der  and  its  corresponding  rollers.  In  this  example  in 
clothing,  this  difference  is  as  stated  below : 

TABLE  I 

Card  Clothing  Contrasts — Scribbler  and  Carder 

Scribbler  Carder 


Counts 
of  Wire. 

Counts 
of  Wire. 

Counts 
of  Wire. 

Counts 
of  Wire. 

Breast 

Cylinder 

26’s 

1st  Main 
Cylinder 

81’s 

2nd  Main 
Cylinder 

35’s  ! 

1st  Main 
Cylinder 

35’s 

Breast 

Workers 

•28’s 

1st  Main 
Workers 

32’s 

2nd  Main 
Workers 

35’s 

1st  Main 
Workers 

35’s 

Breast 

Strippers 

26’s 

1st  Main 
Strippers 

30’s 

2nd  Main 
Strippers 

30’ s 

1st  Main 
Strippers 

32’s 

Breast 

Doffer 

28’s 

1st  Main 
Doffer 

33’s 

2nd  Main 
Doffer 

35’s 

1st  Main 
Doffer 

36’s 

Breast 

Fancy 

26’s 

1st  Main 
Fancy 

30’s 

2nd  Main 
Fancy 

34’s 

1st  Main 
Fancy 

34’s 

TABLE  IT 

Example  in  the  relative  Fineness  of  Card  Clothing  in  a  Set  of  Machines 
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(6)  This  further  demonstrates  the  heavier  nature  of  the 
opening  work  performed  by  the  breast  and  its  supple¬ 
mentary  parts,  as  compared  with  corresponding  parts  in 
other  sections  of  a  set  of  carding  machines. 

It  should  be  observed  that  flexibility  in  the  card  clothing 
is  largely  determined  by  the  counts ;  the  thicker  the  wire 
the  less  the  points  per  inch,  and  consequently  a  diminished 
degree  of  elasticity.  This,  however,  is  affected  by  setting 
loosely  in  the  crown,  so  that  the  amount  of  resistance  is 
reduced. 

“  Clothing  ”  for  short  wools  should  be  characterized 
throughout  by  firmness;  there  must  be  flexibility  in  the 
cards  covering  the  preparatory  rollers  in  the  machine,  and 
the  firmness  and  fineness  must  gradually  and  systematic¬ 
ally  augment  as  the  work  becomes  more  searching.  For 
low  class  wools  and  open  materials  a  lesser  degree  of  these 
qualities  is  needed. 

46.  Sets  of  Card  Clothing. — The  following  are  the 
counts  of  clothing  and  other  particulars  for  the  sets  of 
machines  for  the  treatment  of  the  materials,  and  their 
preparation  for  various  counts  and  qualities  of  yarns: 


TABLE  III 

SETS  OF  CARD  CLOTHING 
I 

For  the  carding  of  fine  wools  for  Saxony  yarns,  counts 
20  to  40  yards  per  dram. 

The  set  comprises  two  parts  or  machines,  namely, 
scribbler ,  with  breast  cylinder  and  three  swifts,  and  carder , 
with  two  swifts  and  double-doffer  condenser. 
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Scribbler.  60"  on  tlie  Card  Wire 


Description  of  Parts. 

Dia¬ 
meter  of 
Rollers. 

Counts  and 
Crown  of 
Clothing. 

Counts  of 
Wire. 

Foundation  of 
Clothing. 

3  Feed  Rollers  .  .  . 

2" 

14’s  ) 

Needle  f 

Leather 

Taker-in . 

12" 

16’s  J 

Point  ( 

Wood  Lags 

„  Angle  Stripper 

6" 

40’s/4’s 

23’s 

Y  ulcanized  Fillet 

Breast  Cylinder  .  . 

40" 

80’ s/8’ s 

28’s 

Leather  Sheets 

3  ,,  Workers  .  . 

9" 

85’s/8’s 

28’s 

t  * 

3  ,,  Strippers  .  . 

41" 

40’s/4’s 

23’s 

Vulcanized  Fillet  I 

Angle  Stripper .  .  . 

6" 

40’ s/4’ s 

23’s 

ft 

First  Swift  .... 

50" 

110’s'lO’s 

31’s 

Leather  Sheets 

3  „  Workers  . 

9" 

115’s/10’s 

31’s 

ft 

3  ,,  Strippers  .  .  . 

41" 

60’s'6’s 

26’s 

Vulcanized  Fillet 

„  Fancy  .... 

12" 

60’s/6’s 

28’s 

Leather  Sheets 

,,  Doffer .... 

36" 

115’s/10’s 

32’s 

ft 

Angle  Stripper  .  .  . 

6" 

60’s/6’s 

26’s 

Vulcanized  Fillet 

Second  Swift 

50" 

125’s/ll’s 

34’s 

Felt 

3  ,,  Workers  .  . 

9" 

125’s/ll’s 

34’s 

»»  ft 

3  „  Strippers  .  . 

41" 

80’s/8’s 

30’s 

Vulcanized  „ 

„  Fancv  .  .  . 

12" 

30’s/7’s 

29’s 

,,  Doffer  .  .  . 

36" 

130’s/ll’s 

34’s 

Felt  ,, 

Angle  Strippers 

6" 

70’s,6’s 

28’s 

Vulcanized  „ 

Third  Swift  .... 

50" 

135’s/l  l’s 

35’s 

Felt 

3  ,,  Workers  .  . 

9" 

140’s/12’s 

35’s 

»»  ft 

3  ,,  Strippers  .  . 

41" 

80’s/8’s 

30’s 

Vulcanized  ,, 

„  Fancy.  .  .  . 

12."- 

35’s/7’s 

32’s 

Last  Doffer  .... 

36" 

140’s/12’s 

35’s 

Felt 

I 

Carder.  60"  on  the  Card  Wire 


Description  of  Parts. 

Dia¬ 
meter  of 
Rollers. 

Counts  and 
Crown  of 
Clothing. 

Counts  of 
Wire. 

Foundation  of 
Clothing. 

3  Feed  Rollers  .  . 

2" 

No.  14’ s 

Garnett  Wire 

Taker-in . 

6" 

16’s 

ft 

Tumbler . 

9" 

90’s/9’s 

28’s 

V ulcanized  Fillet 

„  Worker  .  . 

6" 

135’s/ll’s 

35’s 

Felt 

First  Swift  .... 

50" 

135’s/ll’s 

135’8/11’s 

80’s/8’s 

35’s 

4  „  Workers  .  .  . 

9" 

35’s 

>>  tt 

4  ,,  Strippers .  .  . 

41" 

30’s 

V  ulcanized  „ 

„  Fancy  .... 

12" 

30’s/7’s 

32’s 

,,  Doffer .... 

36" 

140’s/12’s 

35’s 

Felt 

Angle  Strippers  .  . 

6" 

70’s/6’s 

140’s/12’s 

28’s 

Vulcanized  ,, 

Back  Swift  .... 

50" 

36’s 

Felt  „ 

3  „  Workers  .  .  . 

9" 

140’s/12’s 

80’s/8’s 

40’s/8’s 

36’s 

3  „  Strippers  .  .  . 

4|" 

30’s 

Vulcanized  „ 

,,  Fancy  .... 

12" 

33’s 

Double  Doffer  . 

20" 

130’s/ll’s 

85’s/8’s 

34’s 

Leather  Rings 

2  Condenser  Strippers 

31" 

31’s 

Vulcanized  Fillet 

The  set  would  yield  96  usable  and  2  waste  slivers. 
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II 

For  the  carding  of  cross-bred  and  Cheviot  wools,  counts  of  yarns 
8  to  22  yards  per  dram. 

The  set  comprises  two  parts  or  machines,  namely,  scribbler,  with 
breast  cylinder  and  two  swifts,  and  carder,  with  two  swifts  and  double- 
doffer  condenser. 


Scribbler. 

60"  on  the  Card  Wire 

Ilia- 

Count*  and 

Counts  of 

Foundation  of 

Dencription  of  Part#.  .1  01 

Holler#. 

Crown  of 
Clothing. 

Wire. 

Clothing. 

3  Feed  Rollers  . 

.  .  2" 

12’s  | 

Needle  f 

Leather  Fillet 

Taker- in  .  .  . 

.  .  12" 

12’s  / 

Point  1 

Wood  Lags 

Angle  .... 

6" 

40’s/4’s 

22’s 

Vulcanized  Fillet 

Breast  Cylinder 

.  .  44" 

70’s/7’s 

26’s 

Leather  Sheets 

3  ,,  Workers 

.  .  9" 

75’8/7’s 

26’s 

ft 

3  „  Strippers 

,,  Fancy  . 

.  .  41," 

40’ s/4’ s 

22’s 

Vulcanized  Fillet 

.  .  12" 

50's/5’s 

24’s 

Leather  Sheets 

„  Doffer  . 

.  .  36" 

75’8/7’s 

26’s 

>* 

Angle  Stripper . 

.  .  6" 

40’s/4’s 

22’s 

Vulcanized  Fillet 

First  Swift  .  . 

50" 

IOO’s/9’8 

30’s 

Leather  Sheets 

3  ,,  Workers  . 

9" 

1 00’s/9’s 
60’s/6’s 

30’s 

ft 

3  ,,  Strippers . 

.  .  41" 

26’s 

Vulcanized  Fillet 

„  Fancy .  . 

.  12" 

50’s/5’s 

26’s 

Leather  Sheets 

,,  Doffer. 

.  .  36" 

1 10’s/10’s 

31  s 

ft 

Angle  Stripper . 

.  .  6" 

60’s/6’s 

26’s 

V ulcanized  Fillet 

Second  Swift  . 

.  .  50" 

125’s/ll’s 

125’s/ll’s 

80’s/8’s 

30’8/7’s 

34’ s 

Felt 

3  ,,  Workers 

9" 

34’s 

ft  ft 

3  ,,  Strippers 

,,  Fancy  . 

.  .  41" 

.  .  12" 

30’s 

30’ s 

Vulcanized  „ 

,,  Doffer  . 

.  .  36" 

130’s/ll’s 

34’s 

Felt 

Carder.  60"  on  the  Card  Wire 


Description  of  Parte. 

Dia¬ 
meter  of 
Roller)*. 

Counts  and 
( )ro  wn  of 
Clothing. 

Counts  of 
Wire. 

Foundation  of 
Clothing. 

3  Feed  Rollers  . 

2" 

No.  14’s 

Garnett  Wire 

Taker-in . 

Tumbler . 

6" 

il" 

No.  16’ 8 
90’s/9’s 

28’s 

>> 

Vulcanized  Fillet 

,,  Worker  .  . 

6" 

130’s/ll’s 

34’s 

Felt  „ 

First  Swift  .... 

50" 

125’s/ll’s 

34’s 

ft  ft 

4  ,,  Workers  . 

9" 

130’s/1  l’s 

34’s 

ft  *t 

4  ,,  Strippers .  .  . 

4}/' 

80’s/'8’s 

30’ s 

Vulcanized  Fillet 

„  Fancy  .  .  .  . 

,,  Doffer.  .  . 

12" 

36" 

30’8/7’s 

130’s/ll’s 

30’s 

35’s 

Felt  ,, 

Angle . 

6" 

70’s/6’s 

28’s 

Vulcanized  ,, 

Back  Swift  .... 

50" 

135’s/ll’s 

35’s 

Felt  ,, 

3  ,,  Workers  .  .  . 

9" 

1 35’s/ll’s 

35’s 

ft  ft 

3  ,,  Strippers . 

4-1" 

80’s/8’s 

30’ s 

V  ulcanized  ,,  < 

•  ,,  Fancy  .... 
Double  Doffer  . 

12" 

20" 

35’s/7’s 

130’s/ll’s 

31’s 

34’s 

Leather  Rings 

2  Condenser  Strippers 

Ol  " 

O  Yj- 

85’s/8’s  • 

31’s 

Vulcanized  Fillet 

The  set  would  yield  72  usable  and  2  waste  slivers. 
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in 

For  the  carding  of  coarse  and  medium  materials  for 
blanket  yarns,  average  counts  70  yards  per  ox. 

The  set  comprises  two  parts,  scribbler ,  with  breast  cylin¬ 
der  and  two  swifts,  and  carder ,  with  two  swifts  and  double- 
doffer  condenser. 


Scribbler.  60"  on  the  Card  Wire 


Description  of  Parts. 

Dia¬ 
meter  of 
Hollers. 

Counts  and 
( !rown  of 
Clothing. 

Counts  of 
Wire. 

3  Feed  Rollers . 

2  }/' 

12’s  \ 

Needle 

Taker-in . 

12" 

12’s  j 

Point 

Angle  over  Taker-in . 

6" 

40’s/4’s 

20’s 

Breast  Cylinder . 

50" 

50’s/5’s 

22’s 

3  Workers . 

10" 

55’s/5’s 

22 ’s 

3  Strippers . 

40’. s  t*8 

20’ s 

Breast  Fancy . 

13" 

40’ s/4’ s 

20’s 

„  Doffer . 

55’s/5’s 

22’s 

„  Angle  Stripper . 

6" 

40’s/4’s 

20’s 

First  Swift . 

50" 

80’s/8’s 

26*8 

3  ,,  ,,  Workers . 

10" 

85*s/8’s 

26’s 

3  „  ,,  Strippers . 

5" 

50’s/5’s 

22’s 

„  „  Fancy . 

13" 

50’s/5’s 

22’s 

,,  ,,  Doffer . 

36" 

85 ’s  8’s 

26’s 

Angle  Stripper . 

6" 

50’s/6’s 

24’b 

Second  Swift . 

50" 

100’s/9’s 

29’s 

3  ,,  ,,  Workers . 

10" 

105’s/9’s 

29’s 

3  ,,  „  Strippers . 

5" 

60’s/6’s 

25’s 

,,  ,,  Fancy . 

60’s/6’s 

2  7’ s 

„  „  Doffer . 

1 10’s/10’s 

31’s 

Carder.  60"  on  the 

Card  Wire 

Description  of  Parts. 

Dia¬ 
meter  of 

Counts  and 
Crown  of 

Counts  of 

Hollers. 

Clothing. 

3  Feed  Rollers . 

2.1" 

14’ 8  | 

Needle 

Taker-in . 

12" 

14’s  / 

Point 

1  Tumbler . 

10" 

60’s/6’s 

26’s 

i  First  Swift . 

50" 

110’s/10’s 

32’s 

|  4  ,,  ,,  Workers . 

10" 

1 15’s/lO’s 

32’s 

3  „  ,,  Strippers . 

5" 

7  O’h/S’s 

26’s 

,,  „  Fancy . 

13" 

60’s/6’s 

28’s 

j  Doffer . 

36" 

1 15’s/lO’s 

32’a 

Angle . 

6" 

60’s  6*8 

26’s 

Second  Swift . 

120’s/lO’s 

33’s 

3  ,,  ,,  Workers . 

10" 

125’s/lO’s 

33’e 

3  ,,  „  Strippers . 

5" 

70*8  8*s 

28’s 

Fancy  . 

13" 

OO’s/V’s 

28’s 

j  2  Ring  Doffers . 

20" 

120’s/10*8 

31’s 

:  2  Strippers . 

80’b/8*8  ! 

28’s 
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To  yield  40  usable  and  two  waste  slivers.  On  the 
counts  of  yarn  named,  70  yards  per  oz.,  and  condensing 
to  50  yards  per  oz.,  the  set  should  be  capable  of  carding 
2,750  lb.  of  material  per  week  of  50  hours  running. 


IV 

For  the  carding  of  mungoes  and  medium  qualities  of 
materials,  such  as  blends  of  mungoes  and  cotton,  pulled 
waste,  etc. 

The  set  comprises  two  parts  or  machines,  namely, 
scribbler ,  with  breast  cylinder  and  three  swifts,  and  carder , 
with  breast  cylinder  and  two  swifts. 

Scribbler.  72"  on  the  Card  Wire 


Description  of  Parts. 

Diameter 

of 

Rollers. 

Counts  and 
Crown 
of  Clothing. 

Counts  of 
Wire. 

3  Feed  Rollers . 

24" 

Diamond  Point  Filleting 

Taker-in . 

12" 

»»  >> 

»  » 

Angle  Stripper . 

6" 

60’s/5’s 

25’s 

Breast  Cylinder  .:.... 

40" 

70’s/7’s 

26’s 

2  ,,  ,,  Workers  .  .  . 

9" 

80’s/7’s 

27’s 

2  „  ,,  Strippers  .  . 

4f 

60’s/6’s 

25’s 

Fancy  .  . . 

12" 

50’s/5’s 

24’ s 

Breast  Doft'er . 

24" 

80’s/8’s 

28’ s 

Angle  Stripper . 

6" 

60’s/6’s 

25’s 

First  Swift  or  Cylinder 

50" 

100’s/9’s 

31*8 

3  Workers . 

9" 

100’s/10’s 

31’s 

3  Strippers . 

4f 

70’s/7’s 

27’s 

First  Fancy  (twill  set)  .  .  . 

13" 

65’s/6’s 

28’s 

First  Doft'er . 

32" 

HO’s/lO’s 

32’s 

Second  Angle . 

6" 

70’s/7’s 

26’s 

Second  Swift  or  Cylinder  .  . 

50" 

120’s/lO’s 

33’s 

3  Workers . 

9" 

125’s/10’s 

33’s 

3  Strippers . 

4f" 

80’s/8’s 

28’s 

Second  Fancy . 

13" 

65’s/6’s 

29’s 

Second  Doffer . 

32" 

120’s/ll’s 

33’s 

Angle  Stripper  . . 

6" 

70’s/7’s 

27’s 

Third  Swift  or  Cylinder  .  .  . 

50" 

125’s/ll’s 

34’s 

3  Workers . 

9" 

130’s/ll’s 

34’s 

3  Strippers . 

4f 

80’s/8’s 

30’s 

Back  Fancy  (twill  set)  .... 

13" 

70’s/7’s 

32’s 

Back  Doffer . 

32" 

130’s/12’s 

35’s 
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Carder.  60"  on  the  Card  Wire 


Description  of  Parts. 

Diameter 

of 

Rollers. 

I 

Counts  and 
Crown 
of  Clothing. 

Counts  of 

Wire. 

2  Feed  Rollers . 

21" 

Diamond  Point  Filleting 

Stripper . 

4f 

70’s/7’s 

25’ s 

1  Breast  Cylinder . 

40" 

120’s/10’s 

33’ s 

2  ,,  ,,  Workers  .  .  . 

9" 

125’s/lO’s 

33’s 

2  ,,  ,,  Strippers .  .  . 

4f 

70’s/7’s 

29’s 

,,  ,,  Angle  Stripper  . 

6" 

70’s/7’s 

28’s 

First  Swift  or  Cylinder  .  .  . 

50" 

130’s/ll’s 

34’ s 

3  Workers . 

9" 

135’s/lFs 

34’s 

1  3  Strippers . 

4f 

80’s/8’s 

70’s/7’s 

31’s 

Fancy  (twill  set) . 

13" 

33’s 

Doffer . 

32" 

135’s/ll’s 

34’s 

Angle  Stripper . 

6" 

90’s/9’s 

125’s/12’s 

33’s 

Second  Swift  or  Cylinder  .  .  . 

50" 

35’s 

3  Workers . 

9" 

130’s/12’s 

35’s 

3  Strippers . 

Ring  Doffer  (34  rings)  .... 

4f 

90’s/9’s 

130’s/12’s 

32 ’s 

35’s 

Average  production,  condensing  to  about  48  yards  per 
oz.,  35  to  45  lb.  per  hour. 

47.  Setting  or  Proximity  of  the  Rollers  to  each  other. — 
Setting  is  the  adjustment  of  the  various  parts  so  that  the 
best  carding  results  may  be  attained  with  the  least  injury 
to  the  staple  of  the  wool.  Gauges  are  employed  for  this 
purpose.  Practice  and  experiment  are  necessary,  but  a 
few  suggestions  may  be  given. 

The  workers  and  the  doffers ,  which,  in  combination  with 
the  cylinder  have  the  heaviest  work  to  effect  in  opening, 
blending,  and  equalizing  the  fibres,  should  be  set  suffici¬ 
ently  close  to  eliminate  the  possibility  of  the  material  not 
being  thoroughly  operated  upon;  but  there  must  be  no 
actual  contact,  or  the  points  of  the  clothing  will  be  dam¬ 
aged.  The  points  of  the  wire  of  the  strippers  must  clear 
those  of  the  cylinder,  allowing  the  wool  to  pass  round  and 
round  without  being  immediately  released — in  other  words 
they  should  retain  the  fibres  during  momentary  combing 
action.  Such  points  should  slightly  touch  those  of  the 
workers ,  otherwise  the  latter  would  be  liable  to  be  bent 
back  by  the  clothing  of  the  cylinder. 
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The  following  example  in  gauge  setting  affords  a  notion 
of  the  graduation  in  the  proximity  of  the  rollers  to  one 
another  from  the  feed  to  the  delivery  parts  of  the 
scribbler : 

Taker-in . from  cylinder. 

No.  1  Feed  Roller.  24  gauge  between  it  and  the  taker-in. 
No.  2  Feed  Roller.  24  gauge  between  it  and  the  taker-in 

o  o 

and  slightly  resting  on  No.  1. 

No.  3  Feed  Roller.  24  gauge  between  it  and  No.  2  and 

between  it  and  No.  1. 

Angle  Stripper  .  .  26  gauge  between  it  and  the  cylinder 

and  so  near  the  taker-in  as  to  clear 
the  wool  off  it. 

Strippers  and 

Workers . 26  gauge  between  them  and  the  cy¬ 

linder. 

Strippers  and 


Workers . Just  in  contact. 

Fancy . Slightly  dipping  into  the  clothing  of 

the  cylinder,  keeping  the  working 
point  of  the  latter  in  effective  con¬ 
dition. 

Doffer . 26  gauge  between  it  and  the  cylinder. 


In  other  parts  of  the  machine  finer  gauges  are  used,  as, 
for  example,  in  this  set : 

Intermediate.  1st  cylinder  and  workers  and  strippers, 
28  gauge. 

2nd  cylinder  and  workers  and  strippers, 

31  gauge. 

Carder  ...  1st  cylinder  and  workers  and  strippers, 

32  gauge. 

2nd  cylinder  and  workers  and  strippers, 

33  gauge. 

The  setting  of  the  fancy  or  cleaner  is  most  important. 
If  not  properly  done  it  is  highly  detrimental  to  efficient 
carding,  for  the  fibres  would  be  rolled  and  formed  into 
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neps.  'Fhe  rule  for  correctness  is  the  highest  speed,  not 
making  extra  fly,  with  the  least  setting  within  the  teeth 
of  the  cylinder  capable  of  clearing  the  wool  from  the  latter. 

48.  Automatic  Feeds. — Figs.  47,  48,  49,  50,  51,  and  52. 
The  advantages  of  automatic  feeds  for  the  scribbler  over 


spiked  lattice  A  (Fig.  48). 

hand  spreading  are  obvious.  As  it  is  impracticable  to 
produce  a  level  condensed  sliver  with  an  uneven  and  ir¬ 
regular  supply  of  material  to  the  machine,  it  is  apparent 
that  no  system  can  be  satisfactory  which  does  not  effect¬ 
ually  and  automatically  deliver  to  the  feed  lattice  a  fixed 
weight  of  material  on  a  fixed  length  of  the  lattice,  at  uni¬ 
form  intervals. 
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The  Hopper  Feed,  as  now  constructed,  also  serves 
another  function :  it  further  mixes  the  blend  and  opens 
the  material,  presenting  it  to  the  rollers  of  the  scribbler  in 
a  more  lofty  and  better  condition  for  carding  than  weigh- 
ing  and  spreading  by  hand. 

In  Haigh’s  machine  the  wool  is  carried  by  an  endless 


Fig.  48.  Haigh’s  Hopper  Feed.  Showing  mechanism  for  driving  spiked 
lattice  A  and  for  operating  the  Pan  s. 


lattice  or  creeper,  which  has  an  intermittent  motion,  from 
the  hopper,  when  it  is  removed  by  a  brush,  toothed  bar  or 
comb,  and  fed  into  the  pan.  This  pan  is  balanced,  and  on 
the  lever  carrying  it  there  is  a  weight  for  adjusting  the 
quantity  of  material  to  be  transferred  into  the  pan,  which 
at  the  proper  moment  is  opened  to  allow  the  material  to 
drop  on  to  the  lattice  of  the  scribbler. 
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The  motions  have  the  following  sequence:  (1)  the  wool 
having  been  placed  in  the  hopper,  its  vertical  endless 
lattice  lifts  up  the  material  from  the  same;  (2)  the  action 
of  the  comb,  fixed  and  operating  behind  the  hopper  lattice, 
straightens  and  evens  the  locks  of  wool  adhering  to  the 
pins,  that  in  front  of  this  lattice  drawing  and  clearing  the 
wool  off  the  pins  which  is  received  by  the  pan ;  (3)  the 


Kiu.  41),  Hoy] tor  Pood  (Automatic  Mnoliltio  Co.).  Front  View,  allowing  Peed 
Shoot  kh,  1’unhing  Hoard  i*,  hovoller  k,  and  yai't  nieelmnii*ni  for  opening 
tin'  Fan  .1,  vuunoly,  l.ovorn  K  and  N. 


motion  of  the  hopper  lattice  is  stopped;  (4)  the  pan  is 
either  opened  at  the  sides  or  turned  over;  (5)  the  pan  is 
re- adjusted ;  (6)  the  hopper  lattice  is  restarted  and  also 
the  feed  sheet  which  is  active  (luring  the  filling  of  the  pan, 
and  stationary  during  changing. 

Motion  in  Ilaigh’s  type  of  Hopper  (Figs.  47  and  48)  is 
given  to  the  lattice  by  a  train  of  wheels,  a,  c,  n,  and  1 
(Fig.  47).  Pulley  a  is  driven  oft' the  scribbler,  belt  ir  passes 
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round  this  pulley,  and  pulley  b  imparting  motion  to  this 
train  of  wheels.  The  material,  as  indicated,  is  put  into 
the.  hopper  and  convoyed  to  the  pan  by  the  endless  lat¬ 
tice.  Wheel  b  (Fig.  48)  carries  a  lever  which  by  crank 
lever  i>  arid  arm  k,  combs  or  brushes  the  material  off  the 
lattice  laths.  As  the  wool  is  lifted  by  the  lattice,  it  is 
slightly  combed  by  the  action  of  iil,  receiving  motion  from 


I'' l ( i ,  50.  Hopper  h'oeil  (Automatic  Machine  Co.).  View  of  the  hack  part 
of  llm  machine  at  which  the  wool  or  material  is  introduced. 


wheel  v  and  the  upright  lever.  When  the  pan  is  charged 
with  wool  it  is  lowered  in  the  slot,  and,  in  doing  so,  is  en¬ 
gaged  by  t  he  catch  K,  the  end  of  the  pan  pin  carrying  the 
pinion  n  drops  beneath  the  catch  and  is  held  in  gear.  The 
pan  being  emptied,  the  pin  projecting  on  the  rack,  forces 
the  catch  u  backwards;  the  pin  on  which  the  catch  wheel 
is  mounted  (Fig.  48)  is  pushed  forward  by  the  cam  on 
wheel  Q,  beyond  the  catch,  so  that  the  weight  on  the 
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lever  causes  the  pan,  s,  to  rise.  A  spring  draws  the  lever  of 
the  strap  guide,  transferring  the  belt  on  to  the  fast  pulley, 
and  holding  it  in  position  until  the  proper  quantity  of 
material  has  been  fed  on  to  the  creeper.  The  pushing 
board  is  controlled  by  lever  h  and  upright  p. 

The  separate  weighings  should  drop  out  of  the  scale 
side  by  side,  and  not  overlapping;  but,  on  the  other  hand, 
the  pushing  board  should  not  force  such  weighings  too 
close  to  each  other.  In  either  case  uneven  work  is  liable 
to  result. 

The  points  for  adjustment  are : 

I.  Distance  of  the  combs  from  the  hopper  creeper  or 
lattice. 

II.  Speed  of  the  creeper.  This  is  regulated  by  change 
wheels.  For  long  wool,  the  hopper  comb  is  worked  slower, 
preventing  the  wool  from  being  rolled,  and  from  passing- 
forward  matted,  because  a  longer  and  more  effective  stroke 
is  given  to  the  comb. 

III.  Weight  of  material  fed  into  the  pan.  This  is  ad¬ 
justed  by  the  position  of  the  weights  on  the  lever.  Two 
of  the  weights  are  for  balancing,  and  the  third  for  govern¬ 
ing  the  quantity  which  is  fixed  for  actuating  the  pan. 
After  balancing  and  fixing  the  quantity  of  material  to 
deposit  at  each  turn  of  the  pan,  the  required  weight  is 
placed  on  the  lever. 

Corresponding  motions  in  the  hopper  type  of  feed  made 
by  the  Automatic  Feed  Company  may  be  also  described. 
This  machine  is  illustrated  in  Figs.  49  and  50  and  by  the 
sectional  drawings  in  Figs.  51  and  52. 

The  hopper  combs — back  and  front — and  the  lever  for 
pressing  the  material  on  to  the  feed  lattice  is  done  by  cam 
motion,  a,  fixed  on  the  shaft  at  the  bottom  of  the  machine 
(Figs.  50  and  51).  It  is  connected  to  the  bellcrank  lever 
b  (Fig.  51),  which  imparts  motion  to  the  comb  fixed  be¬ 
hind  the  creeper,  and  through  the  connecting  arm  c  and 
lever  d  to  comb  g1,  in  front  of  the  creeper.  The  leveller,  f, 
is  also  operated  by  cam  a  through  the  parts  shown.  If  the 
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mechanism  is  for  carrying  heavy  quantities  to  the  scribbler 
feed,  the  combs  should  be  driven  independently  to  allow 
of  their  separate  adjustment. 

In  setting  the  combs  the  spiked  sheet  is  turned  round, 
until  the  part  where  it  has  been  jointed  is  opposite  the 
comb,  this  being  the  thickest  part.  The  comb  g1  should  be 
set  to  clear  the  spikes,  and  the  brush  which  it  carries  to 
clear  the  laths  to  the  bottom  of  the  pins.  It  should  have 
a  stroke  of  about  9".  This  is  modified  by  adjusting  the 
levers  b  and  d  (Fig.  51).  Comb  g  should  be  set  from 
the  points  of  the  pins,  striking  level  with  the  top  of  the 
spiked  sheet  when  reaching  the  highest  point  of  its  tra¬ 
verse.  Roth  combs  arc  speeded  about  80  strokes  per 
minute. 

The  opening  of  the  pan  is  primarily  effected  by  wheel  d 
(Fig.  52),  which  carries  an  eccentric  or  cam  and  pin.  The 
latter  comes  in  contact  with  the  lower  projection  on  f, 
forcing  down  the  lever  n  (Figs.  49  and  52)  which  engages 
the  projection  j,  and  causes  the  pan  to  open  at  the  sides 
like  a  pair  of  shears.  When  lever  n  is  resting  on  the  sur¬ 
face  of  .j,  after  the  pan  has  been  opened,  the  pin  in  wheel 
d  engages  a  finger  causing  lever  n  to  release  the  clutch 
wheel  c,  and  thus  allowing  the  creeper  to  move  forward. 

By  this  arrangement  of  feed  the  pan  is  approximately 
balanced  by  the  combination  of  levers  and  weights,  and 
the  quantity  of  material  delivered  to  the  feed  sheet  of  the 
scribbler  chiefly  controlled  by  regulating  the  speed  of  the 
lattice  and  the  proximity  of  the  combs  to  the  pins. 

49.  Preparatory  Motions  for  the  Scribbler  and  Carder. — 
There  is  no  part  of  carding  that  is  more  important  or  re¬ 
quires  more  careful  judgement  than  the  treatment  of  the 
material  on  the  first  cylinders  of  the  scribbler.  As  is  now 
understood,  the  main  object  of  the  “  breast  ”  is  to  separate 
the  more  entangled  and  felted  masses  of  the  fibres  of  the 
material,  and  preserve  the  length  of  the  staple  by  passing 
the  wool  on  to  the  first  swift  in  an  open  condition.  Much 
serious  mutilation  of  the  staple  would  ensue  in  dealing 
with  neppy,  burry,  and  matted  wool  if  it  were  transferred 
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directly  from  the  feed  rollers  to  the  swift.  The  stronger 
and  coarser  counts  of  wire  on  the  breast  cylinder  as  shown 
is  intended  to  effect  a  preparatory  separation  of  the  fibres. 
But  this  is  not  always  satisfactory,  hence  several  supple- 


Fig.  51.  Hopper  Feed.  Mechanism  for  operating  the  Combs. 


mentary  forms  of  mechanism  have  been  applied  by  con¬ 
tinental  and  English  carding  machine  makers  to  obviate 
this  difficulty. 

The  three  arrangements  sketched  in  Figs.  53,  54,  55, 
are  of  French  invention,  and  are  constructed  specially  for 
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the  treatment  of  neppy  and  burry  wools.  In  Fig.  54,  sec¬ 
tion  f1  is  the  automatic  feeding  apparatus.  It  will  be  ob¬ 
served  that  in  Fig.  53  there  is  the  usual  complement  of 
feed  rollers,  followed  by  a  Garnett  roller  a,  over  which  is 
placed  the  burr  roller  for  beating  the  burrs  out  of  the  wool 


as  they  cling  to  the  teeth  of  a.  The  clothing  of  b  removes 
the  wool  from  a,  and  transfers  it  to  the  cylinder  d  ;  c,  in 
turn,  clearing  b.  This  motion  is  applied  to  sets  of  machines 
for  the  carding  of  South  American  wools,  for  the  pro¬ 
duction  of  yarns  for  army  cloths. 

An  extension  of  the  arrangement  is  shown  in  Fig.  54, 
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where  the  first  roller  a  is  garnetted,  but  the  second  roller 
a1  acts  as  a  miniature  breast  cylinder.  The  wool  is  re¬ 
moved  off  a  by  c  and  passed  on  to  a1,  roller  d  assisting  in 
the  clearing  of  a  and  yielding  the  wool  to  c.  Between  c 
and  a1  a  certain  amount  of  opening  of  the  fibres  takes 
place,  and  also  between  c  and  e.  Rollers  f  and  g  are 
worker  and  stripper.  The  large  angle  stripper  h  gleans 
the  wool  from  a1  and  transmits  it  to  the  cylinder  J. 


Fig.  55  affords  increased  preparatory  scribbling.  The 
use  of  a  supplementary  small  breast  in  combination  with 
the  arrangement  sketched  in  Fig.  54  is  practised  on  the 
Continent  in  treating  River  Plate,  Buenos  Ayres,  Monte 
Video  and  similar  wools.  Here,  over  a  is  the  ordinary 
burr  roller  b,  followed  by  three  rollers  equal  in  size ;  d 
strips  from  a  and  conveys  some  of  the  fibres  to  r;  c  also 
strips  from  a  giving  it  up  to  d,  then  the  material  is  worked 
between  d  and  f,  thence  reaching  the  card  clothing  of  the 
breast  f,  which  carries  the  wool  to  the  worker  g,  between 
which  and  h,  the  usual  process  of  stripping  and  working 


Fig. 
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transpires.  Intervening  f  and  l,  there  is  a  similar  com¬ 
pound  of  rollers  as  between  a  and  f;  j  is  the  principal 
stripper  the  filament  escaping  being  cleared  by  i  to  be  re¬ 
transferred  to  f,  and  from  it  back  to  j  and  thence  to  the 
main  cylinder;  k  collects  the  material  which  escapes  the 
cylinder,  works  it  in  conjunction  with  j,  and  finally  replaces 
it  in  a  more  open  state  on  the  cylinder. 

On  this  system,  as  in  Fig.  54,  there  is  a  compound 
action  ( 1 )  that  of  the  removal  of  the  burrs ;  and  (2)  suffi¬ 
cient  preliminary  carding  to  open  the  neppy  staple  and 
o>et  the  material  into  a  suitable  condition  for  the  action  of 

o 


the  swifts,  workers  and  strippers  in  subsequent  sections  of 
the  machine. 

Haigh’s  device  (Fig.  56)  may  be  employed  on  the 
carder  or  scribbler.  It  comprises  three  feed  rollers  covered 
with  Garnett  clothing,  and  a  fourth  roller  or  taker-in,  a, 
some  4"  diameter,  and  also  Garnetted ;  the  burrs  are  broken 
between  these  rollers. 

Following  the  routine  of  treatment  by  the  feed  rollers 
and  the  taker-in,  the  wool  is  acted  upon  by  the  tumbler 
n,  its  clothing  carrying  the  fibres  downwards,  so  that  the 
loosened  burrs  may  fall  into  the  perforated  receiver  c. 
The  material  is  now  presented  to  the  cylinder  r>,  the 
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worker  w  also  assisting  in  opening  arid  conveying  it  off  the 
tumbler  on  to  this  roller. 

The  “  Garnett”  breast  apparatus  (Fig.  5(5 a)  is  applicable 
to  both  scribbler  and  carder,  and  consists  of  breast  cylinder 
20"  diameter;  three  workers,  6j"  diameter;  three  strippers, 


3|"  diameter;  one  taker-in,  6\"  diameter;  one  undertaker- 
in,  4|"  diameter;  and  a  set  of  three-feed  rollers. 

It  forms  a  complete  front  part  of  the  machine.  In 
working,  the  teeth  of  the  feed  rollers  intersect  each  other. 
The  workers  are  wheel  driven  and  independently,  and  can, 
therefore,  lx;  varied  as  to  speed  to  suit  the  class  of  material 
being  treated.  By  running  the  workers  slowly,  the  teeth 
of  their  clothing  is  retained  in  contact  with  the  teeth  of 
the  cylinder  for  a  sufficient  length  of  time  to  effectively 
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separate  the  matted  filaments  of  wool  or  of  mungo  and 
shoddy.  It  sometimes  happens  that  felted  bits  of  rag  are 
left  in  the  shoddy  coming  from  the  rag-grinding  machine. 
These  are  only  partially  opened  by  the  strong  durable 
wire  teeth  of  the  feed  rollers,  but,  for  good  carding  results, 
these  hard  portions  of  rag  must  be  completely  disintegrated. 
This  process  takes  place  between  the  breast  and  three 
pairs  of  workers  and  strippers.  The  workers  having  sharp 
pointed  teeth,  the  unopened  bits  of  rag  are  fastened  to  the 
teeth  of  their  clothing,  and  are  thereby  operated  upon  by 
the  wire  teeth  of  the  cylinder. 

In  the  illustration,  fs  is  the  feed  sheet ;  f  the  feed  rollers ; 
s1,  s2,  s3,  the  strippers;  t,  the  taker-in;  and  ut  the  lower 
taker- in ;  and  w1,  w~,  w3,  the  workers.  The  parts  are  wheel 
driven  either  by  belt  oft'  a  pulley  on  the  shaft  of  the  first 
swift  of  the  scribbler  passing  round  pulley  a  of  Fig.  56a, 
or  by  counter  shaft  and  pulley,  the  belt  passing  round 
pulley  a1  carrying  a  pinion  gearing  with  wheel  b  w. 

A  scheme  of  parts  for  breaking  up  the  material  prior  to 
carding  on  the  cylinder,  and  also  an  auxiliary  set  of  rollers 
for  the  further  treatment  of  the  wool,  before  finally  re¬ 
moving  by  the  doffer,  is  sketched  in  Fig.  57,  and  made  by 
Messrs.  Platt  Bros.  The  wool  passing  from  the  taker- 
in,  a,  is  passed  on  to  the  small  cylinder  or  second 
taker-in,  b,  over  which  is  a  pair  of  rollers,  w1  and  s1,  cor¬ 
responding  in  their  functions  to  an  ordinary  worker  and 
stripper.  After  treatment  on  b,  the  wool  is  removed  by 
s2,  from  which  it  is  transferred  by  s3  on  to  the  main 
cylinder.  An  auxiliary  working  is  done  by  the  doffer, 
sd,  which  takes  up  part  of  the  material  and  passes  it,  by 
the  intermediate  roller,  s4,  to  the  supplementary  cylinder, 
s  c.  The  main  doff  er,  d,  stripping  from  the  main  cylinder 
and  also  from  the  small  cylinder,  s  c. 

Fig.  57 a  is  another  double  doffer  arrangement  made  by 
the  same  firm,  there  being  an  upper  and  lower  doffer,  d1, 
and  d3,  between  cylinders  c  and  cl ;  and  also  attached  to 
cylinder  c1,  namely,  d3  and  d4-— each  doffer  having  its 
fancy  and  stripper  rollers,  f,  f1  and  s,  s1.  The  wool  from 
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doffers  d  and  d2  is  conveyed  by  angle  strippers  a1  and  a2  to 
the  last  cylinder.  The  object  and  advantage  of  this  arrange¬ 
ment  are  greater  production,  and  more  effective  clearing 
of  the  cylinders. 

Beran’s  patent  supplementary  arrangement  comprises 
doffer,  fancy,  stripper  rollers,  and  a  small  cylinder,  placed 
under  the  doffer  for  the  main  cylinder.  The  auxiliary 


Fig.  56c«.  The  Garnett  Breast  Cylinder. 

cylinder  further  cards  and  mixes  the  avooI,  feeding  it 
up  to  the  doffer.  The  lower  fancy  is  in  contact  with 
both  the  main  and  the  supplementary  cylinders.  The 
utility  of  the  lower  fancy  is  to  further  raise  up  the 
fibre  on  the  cylinder,  so  that,  after  stripping,  it  may  be 
passed  on  to  the  main  cylinder,  resulting  in  better 
clearing  of  the  latter  and  also  increased  carding  of  the 
material. 

50.  Modes  of  conveying  the  Scribbled  Wool  from  one 
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Machine  to  another. — The  object  aimed  at  in  transferring 
the  material  from  one  carding  machine  to  another  is,  as 
much  as  feasible,  to  prevent  the  production  of  an  unevenly 
carded  material,  by  presenting  the  fibres  in  a  new  form  to 
the  cylinders  of  the  intermediate  or  carder ,  as  the  case  may 
be.  There  are  three  distinct  systems  of  doing  this.  First, 
there  is  the  lap  or  Blamire  system,  in  which  the  material, 
as  it  leaves  the  scribbler,  is  conveyed  in  successive  layers 
by  a  travelling  apron,  set  at  right  angles  to  the  doft’er, 
on  to  a  huge  drum;  hence  the  fibres  are  distributed  on 
to  the  carder  in  the  opposite  direction  to  that  in  which 
they  are  delivered.  Second,  there  is  the  Scotch  feed ,  a 
contrivance  which  reduces  the  scribbled  material  into  a 
flat  ribbon  or  band  (Plate  XI)  some  5  inches  broad, 
and  from  a  quarter  to  half  an  inch  thick.  This  “  sliver  ” 
is  laid  on  the  feed  of  the  carder  bv  the  carriage,  in  a 
slightly  diagonal  sense,  each  layer  being  arranged  to 
overlap  its  predecessor  to  such  an  extent  as  to  ensure  a 
level  and  uniform  distribution  of  the  material.  Third, 
the  balling  or  side-drawing  system,  so  called  on  account 
of  the  fibres  being  delivered  in  the  form  of  a  rope  to 
which  a  little  twist  is  imparted  as  it  passes  through  the 
funnel,  on  its  way  to  the  balling  machine,  where  it  is  con¬ 
ducted  between  guide-pins  on  to  bobbins  3  inches  across. 
These  bobbins,  when  full,  are  placed  in  the  creel,  and  the 
separate  ends  passed  between  another  series  of  guides  on 
to  the  feed-rollers  of  the  carder.  A  feature  of  this  system 
consists  in  the  fibres  being  spread  in  the  same  direction  on 
the  carding  engine  as  they  leave  the  doffer  of  the  preced¬ 
ing  machine;  whereas,  in  both  the  lap  and  Scotch  systems 
the  fibres  are  delivered,  say,  lengthways,  and  fed  on  to  the 
carder  transversely.  Another  characteristic  of  the  balling- 
feed  is  that  the  fibres  are  twisted  into  a  rope  condition, 
and  that  in  this  state  the  material  goes  on  to  the  cylinder 
of  the  carder,  where  the  primary  object  is  to  reduce  the 
wool  into  one  thin,  level  film  of  fibres. 

51.  Component  Parts  of  Machines  and  Carding  Surface. 

• — Compare  the  sets  of  machines  in  Figs.  42  and  42a. 
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Plates  XIII  and  XIV ;  Figs.  63,  64,  and  65,  Plates 
XV,  XVI  and  XVII;  and  Figs.  66  and  66a,  Plates 
XVIII  and  XIX.  The  number  of  cylinders  or  swifts, 
workers,  strippers,  and  other  parts  in  a  set  of  carding 
machines  varies  largely  with  the  class  of  material— length, 
quality,  and  condition  of  the  staple — for  which  it  is  to 
be  employed.  In  treating  short-fibred  material — e.g , 
rnungo — the  separation  and  re-blending  of  the  fibres  must 
be  done  most  thoroughly  to  secure  perfect  mixing,  and  a 
carded  fleece  of  the  requisite  adhesiveness  and  evenness 
of  texture.  For  wools  of  the  Cheviot  and  Cross-bred 
character,  sound,  open  and  free  of  staple,  a  lesser  number 
of  repetitions  of  the  opening,  re-crossing  and  mingling 
of  the  fibres  is  practised.  The  fibres  in  such  wools  are 
readily  separated,  straightened,  re-blended  and  reduced 
to  a  suitable  condition  for  spinning.  On  the  other  hand, 
in  the  case  of  short  and  neppy  wools,  such  as  Cape  and 
South  American,  the  work  of  carding  should  be  more 
gradually  done,  otherwise  the  staple  will  suffer  and  the 
fibres  will  be  mutilated.  While  no  hard  and  precise  rules 
as  to  the  constitution  of  a  set  of  machines  may  be  laid 
down,  yet  one  principle  prevails,  namely,  the  shorter  the 
staple,  the  more  matted  the  wool,  the  more  frequent 
opening  and  mixing  necessary  to  attain  a  satisfactory 
sliver  and  regular  spun  yarn. 

Hence  the  Greater  the  cardin o-  surface  in  a  set  of 
machines  the  more  even  the  condensed  sliver  and  the 
more  level  and  uniform  in  diameter  the  spun  yarn.  It 
follows  that  in  a  set  consisting  of  a  small  number  of 
operative  parts,  the  material  is  more  rapidly  treated  and 
there  is  higher  productive  power,  but  this  may  result  in  two 
distinct  drawbacks: 

(1)  Unnecessary  and  wasteful  breakage  of  the  staple  of 
the  material. 

(2)  Ineffectual  carding,  clusters  and  neps  of  curly  fila¬ 
ments  not  being  properly  opened. 

As  illustrating  these  features  of  the  operation,  contrast 
Figs.  58  and  59.  Clearly,  in  both,  the  condensed  sliver,  a, 
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and  the  spun  yarn,  b — Fig.  58 — there  are  groups  or  patches 
of  fibres  which  have  not  been  satisfactorily  separated  in 
the  scribbler  and  carding  machines.  Additional  operative 
parts,  in  either  one  or  the  other  of  the  machines,  would 
have  reduced,  if  not  completely  removed,  this  defect.  The 
utility  of  these  supplementary  parts  is  seen  in  the  con¬ 
dition  of  the  condensed  slivers  and  spun  yarns  in  Figs.  58 
and  59,  a  and  b.  The  slivers  in  Fig.  58  are  the  results 
of  preparation  on  a  scribbler  with  a  breast  cylinder  and 
one  swift;  and  those  in  Fig.  59  from  a  scribbler  with  a 
breast  cylinder  and  two  swifts.  Though  a  and  b  (Fig.  59) 

It  A 


A  =  (  'ondensed  Sliver.  ft = Spun  Yarn. 

are  composed  of  finer  and  more  matted  materials  than 
those  used  for  the  slivers  and  yarns  in  Fig.  58,  yet  they 
are  more  free  from  neppiness  and  more  even  in  structure. 
For  the  latter,  the  set  also  included  an  intermediate  in 
addition  to  a  scribbler  and  carder,  giving  the  increased 
carding  facility  essential. 

The  Josephy  Carding  Machinery  (German)  is  con¬ 
structed  on  the  single,  double,  or  three-swift  plan,  with 
large  workers,  w,  and  small  strippers,  s,  all  parts  revolving 
rapidly  to  attain  high  productive  results.  A  section  of  the 
cylinder  in  such  a  set  of  machines,  mounted  with  a  pair  of 
covered- in  fancies  f,  f1,  is  sketched  in  Fig.  60,  the  former 
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being  placed  on  the  cylinder  immediately  after  the  several 
pairs  of  strippers  and  workers,  and  the  latter  behind  the 
supplementary  doffer  l  d,  and  just  above  the  main  doffer  d. 

The  doffer  arrangement,  and  clearing  rollers  for  re¬ 
moving  vegetable  and  other  impurities  from  the  wool,  are 
distinctive  features  of  the  machine,  comprising  rollers  l  d, 
a,  l  s,  o  and  p.  Part  of  the  material  that  hangs  loosely 
on  the  surface  of  cylinder  c  is  removed  by  l  d,  and  passed 
by  angle  roller  a  to  l  s,  and  by  this  roller  given  up  to  the 


A  B 


Fig.  59. 

A  =  Condensed  Sliver.  B  =  Spun  Yarn. 


doffer,  so  that  at  the  point  where  l  s  and  d  are  approxim¬ 
ately  in  contact,  the  sheet  of  fibres  stripped  from  the 
cylinder  c  by  the  doffer,  is  combined  with  that  from  the 
supplementary  doffer  l  d.  The  loose  filament  collected 
by  this  roller  from  the  cylinder,  contains  most  of  the  im¬ 
purities,  and  any  neppy  fibres  not  sufficiently  carded,  and 
these  are  passed  by  rollers  o  and  p  into  receiver  r.  What 
still  remains  after  passing  p  is  delivered  by  the  action  of  a 
stripping  comb  on  the  wire  of  l  s  into  r2. 

This  type  of  machine  has  been  successfully  used  by 
English  manufacturers  in  the  carding  and  condensing  of 
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materials  for  flannels,  it  is  claimed  to  be  adapted  to  the 
treatment  of  wools  for  Cheviots  and  Saxonies,  and  also  for 
mungo,  shoddy,  cotton  waste,  etc.  On  fine  wools  con¬ 
densed  to  twenty  skeins  and  spun  to  thirty  skeins,  it  is 
said  a  set  of  three  cards,  in  a  working  day  of  ten  hours, 
is  capable  of  producing  580  lb.  of  carded  material. 

The  condenser  attached  to  such  sets  of  machines  are  of 
the  tape  design  and  construction,  delivering  from  100  to 
240  threads  on  to  six  bobbins. 


52.  Examples  and  applications  of  various  sets  of  machines. 
— The  composition  and  arrangement  of  “  sets.”  of  carding 
machines  may  be  considered. under  the  following  heads: 

A.  Sets  of  machines  for  the  treatment  of  medium  and 
fine  wools. 

1>.  Sets  of  machines  for  the  treatment  of  Cheviot  and 
cross-bred  avooIs. 

C.  Sets  of  machines  for  the  treatment  of  blends  of  avooI 
and  cotton. 
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D.  Sets  of  machines  for  the  treatment  of  mungo,  pulled 
waste,  and  blends  of  low  qualities  of  materials. 

E.  Sets  of  machines  for  the  treatment  of  coarse  and 
strong-haired  wools  for  carpets,  rugs,  etc. 

A.  Sets  of  Machines  for  Fine  Wools 

First  Example  (Figs.  61,  61a,  and  62).  Comprising 
scribbler ,  intermediate  and  carder  with  Scotch  feed  from 


scribbler  to  intermediate,  and  from  intermediate  to  carder, 
and  with  tandem  condenser. 

Width  on  the  card  wire  60". 

Application. — To  the  carding  of  fine  wools  lor  the  pro¬ 
duction  of  Saxony  yarns  from  20  up  to  40,  or  44  yards 
per  dram,  and  suitable  for  the  manufacture  of  wool  or 
piece-dye  doeskins,  beavers,  dress-face  cloths  and  high- 
class  woollen  fancies. 
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Notes. — The  “breaker”  or  scribbler  includes  breast  and 
one  swift;  “intermediate”  one  swift;  and  “carder”  two 
swifts.  The  material  is  delivered  by  the  scribbler  on  the 
side  roper  principle,  with  “bank”  or  “ball”  feed  to  the 
intermediate,  and  Scotch  feed  delivery  and  overhead  con¬ 
veyance  to  the  carder,  so  that  the  ribbon  of  material  is 
delivered  with  the  fibres  in  the  reverse  direction  to  that  in 
which  they  are  collected  off  the  doffer ;  further  to  prevent 
them  being  laid  in  the  same  line  on  the  feed  of  the  carder, 
the  sliver  is  spread  diagonally. 

The  set  comprises  the  following  parts  of  the  diameters 
indicated : 


SCRIBBLER 

INTERMEDIATE 

CARDER 

Feed  Rollers 

2" 

2" 

2" 

Taker-in  Roller  . 

12" 

12" 

12" 

Breast  .... 

40" 

30" 

Breast,  Fancy 

12" 

Breast,  Doffer 

30" 

SAvift  .... 

50" 

50" 

50" 

Swift,  Fancy 

12" 

12" 

12" 

SAvift,  Doffer 

36" 

30" 

30" 

Workers  . 

9" 

8" 

8" 

Strippers  . 

4  f 

4  il' 

*2 

41" 

Second  Example  (Figs.  42  and  42a,  Elates  XIII  and 
XIV).  A  typical  set  comprising  scribbler  with  Scotch 
roper  delivery  and  carder  with  4  bobbin  tape  condenser. 

Width  on  the  card  60". 

Application. — To  the  carding  of  Southdown  and  similar 
wools  for  flannels,  and  also,  with  suitable  counts  of  Avire 
“  clothing,”  for  medium  and  fine  qualities  of  fancy 
Avoollens. 

The  set  comprises  scribbler  with  breast  cylinder  and 
three  pairs  of  workers  and  strippers,  two  swifts  with  four 
pairs  of  strippers  and  workers ;  and  carder  also  Avith  tAVO 
swifts  similarly  garnished.  The  diameters  of  correspond¬ 
ing  rollers  are  the  same  in  each  machine,  namely,  feed 
rollers.  2J";  taker-in,  9";  angle  strippers,  6";  Avorkers  4", 


Plates  XY,  XVI  and  X) 

SET  OF  CARDING  MACHINES  FOR  CROSSBRED  AND  M 
/  CONSISTING  OF  SCRIBBLER  OR  BREAKER,  INTERMEI 


,  Figs.  63,  64  and  65. 

IUM-STAPLE  WOOLS  FOR  MIXTURE  YARNS, 
TE  AND  CARDER  AND  TAPE  CONDENSER. 


SCRIBBLER 


50  CYLINDER 

FROM  8b _ R  E  V  S 


(I  Clothing  and  the  relation  of  the  points  of  the  Clothing  covering  rollers  in  juxtaposition. 


3  and  Roper  and  Balling  Machine  delivery, 
ng,  see  Plate  XIII. 


XV. 

BREAKER 


3late  XV. 

,ER  OR  BREAKER. 


d! 



EUl.gS 


LATTI C 


INTERMEDIATE  FOR  SCRIBBLER 
ON  PLATE  XV  AND 
CONDENSER  ON  PLATE  XVII. 

E 


This  Diagram  indicates  the  diameters  and  velocities 
i  1  ",  .  —  - ... 


36  DOFFER 

✓ 

✓ 

FROM  3  R  £*/S. 


INTERMEDIA 



TE:  One-Cylinder  Machine  with  Bank  Creel,  Row  Feeder  and  Scotch  Roper  delivi 
Similar  parts  lettered  and  driven  as  in  Fig.  42,  Plate  XIII. 
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Plate  XVI. 
Fig.  64. 
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Row  Feeder. 


TAPE  CONDENSER 


SURTACE 
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This  Diagram  indicates  the  diameters  and  velocities  of  the  several  cylinders ;  al 

LTTTT: - I 


CARDER  with  30" 

to  follow  th 


See  Fig.  4£5a, 


CARDER 


ie  bend  of  the  wire  of  the  Card  Clothing  and  the  relation  of  the  points  of  the  Clothing  covering  rollers  i 

'  I_ I 


inder,  Main  Cylinder  and  Tape  Condenser 
•mediate  Machine  on  Plate  XVI. 


te  XIV.  for  Condenser  details. 


taposition. 
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and  strippers  9";  breast  cylinder,  40^" ;  breast  doffer,  30"; 
all  swifts,  50";  swift  d offers,  36",  and  fancies,  12". 

B.  Sets  for  Cheviots  and  Cross-bred  Wools 

The  diversity  of  dyed  materials  blended  in  different 
quantities  in  Cheviot  mixtures,  renders  it  necessary  in 
these  sets  to  have  a  considerable  amount  of  carding  sur¬ 
face.  The  Scotch  feed  is  usually  adopted  for  conveying 
the  sheet  of  fibres  from  one  machine  to  another.  It  is 
introduced  into  the  fourth  example  between  the  inter¬ 
mediate  and  the  carder  with  “roper”  and  “balling”  feed 
from  scribbler  to  intermediate. 

Third  Example.  A  set  comprising  :  scribbler ,  breast 
cylinder  and  two  swifts,  the  former  mounted  with  two 
and  the  latter  with  three  pairs  of  workers  and  strippers ; 
and  carder  also  with  breast  cylinder  and  two  swifts 
similarly  garnished  to  the  scribbler. 

Diameters  :  Two  bottom  feed  rollers  2"  and  third  or 
top  feed  roller  4";  taker-in,  12",  and  angle  strippers  4" 
and  5".  Scribbler :  Breast  cylinder  45|" ;  swift  50"; 
Carder :  Breast  cylinder  30";  swift  50";  strippers  5"; 
workers  9";  fancies  12"  and  13"  (no  fancy  roller  on  the 
breast  cylinder  of  the  carder) ;  doffers  34"  and  36". 

Width:  60"  on  the  card  Avire. 

Fourth  Example  (Figs.  63,  64,  and  65,  Plates  XV, 
XVI,  and  XVII).  For  fancy  mixture,  hosiery  and  knitting 
yarns,  and  composed  of  scribbler ,  intermediate ,  and  carder , 
arranged  as  beloAv : 


SCRIBBLER 


INTERMEDIATE 


CARDER 


Taker-in  .  .  .  12" 
Breast  .  .  .  .  36" 


Feed  Rollers 


2" 

12" 


2" 

6" 

30" 

8" 

4" 


Two  |  Breast  Workers  .  9' 

sets  f  Breast  Strippers  4' 

Breast  Fancy  .  10' 


No  Fancy  or  Doffer  on 
Breast  Cylinder  of  Carder 
but  a  5"  Angle  Stripper 
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SCRIBBLER 

INTERMEDIATE  CARDER 

Breast  Doffer 

24" 

1st  Swift  . 

50" 

60" 

50" 

2nd  Swift 

50" 

j  Swift  Workers  . 

8" 

Four  f  8" 

Four  f  8" 

(Swift  Strippers  . 

4" 

pairs  (  4" 

pairs  1  4" 

Swift  Fancy  .  . 

12" 

12" 

12" 

Swift  Doffers 

36" 

36" 

36" 

Angle  Strippers  . 

7" 

7" 

A  feature  of  this  set  is  the  introduction  of  a  breast 
cylinder  or  swift  into  the  carder  for  the  purpose  of  more 
fully  crossing  and  mixing  the  materials. 

C.  Blends  of  Wool  and  Cotton 

In  sets  of  machines  for  this  class  of  blend  there  must 
be  ample  carding  surface  in  order  to  (1)  get  the  fibres 
thoroughly  and  evenly  mixed;  and  (2),  if  pulled  waste 
forms  a  part  of  the  blend,  to  destroy  any  ends  of  threads 
which  may  not  have  been  satisfactorily  opened  in  gar- 
netting. 

Fifth  Example.  A  typical  set,  comprising  scribbler 
with  breast  and  three  swifts  (all  50"  in  diameter,  and  with 
four  sets  of  workers  and  strippers  over  each,  9"  and  4^"  in 
diameter  respectively) ;  and  carder  with  two  swifts  having 
the  same  number  of  rollers  as  the  swifts  of  the  scribbler. 
Rope  and  Scotch  feed  system  applied  for  transference  of 
the  material  from  the  scribbler  to  the  carder. 

Either  the  double-doffer  or  the  tape  condenser  may  be 
applied  to  this  class  of  machine. 

D.  Blends  of  Mungo  and  Low  Class  Materials 

Sixth  Example.  A  standard  set  combines  scribbler 
(72"  on  the  card  wire)  and  carder  (60"  on  the  card  wire). 
The  former  should  comprise  breast  and  three  swifts  with 
three  pairs  of  rollers  over  each ;  and  the  latter,  breast 
and  two  swifts  similarly  mounted. 

The  Blamire’s  cross  delivery  is  the  most  suitable  with 
the  three  roll  bat  feed  for  the  carder.  Such  short  fibre  as 
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mungo  could  not  be  so  satisfactorily  treated  on  the  roper 
system  or  the  Scotch  overhead  feed.  A  double  doffer 
condenser  with  double  tandem  leather  rubbers  for  shoddy 
blends,  but  single  rubbers  for  mungo  would  be  used. 

Dimensions:  Breast  cylinder,  48";  swifts,  52";  doffer 
36";  workers,  9";  strippers,  4f";  fancies,  12"  and  14"; 
taker-in,  12";  and  feed  rollers,  2". 

E.  Set  for  Wools  for  Blanket  and  similar 
Qualities  of  Yarns 

(Figs.  66  and  66a,  Plates  XYIII  and  XIX) 

Seventh  Example.  One  type  here  consists  of  scribbler, 
breast,  and  two  cylinders  with  three  sets  of  rollers  over 
each;  and  carder ,  breast,  with  two  sets  of  rollers  and 
two  swifts  with  three  sets  of  workers  and  strippers  to 
each,  the  diameters  of  the  rollers  being:  breast  scribbler, 
45|-";  breast  doffer,  30";  swifts,  50";  swift  doffers,  36"; 
all  workers,  9";  strippers  and  angle  strippers,  5";  fancies, 
13";  two  bottom  feed  rollers,  2";  and  top  feed  roller,  4". 
Blamire’s  lap-former  from  scribbler  to  carder,  and  double 
doffer  (20"  in  diameter)  and  double  rubber  condenser. 

F.  Continental  Sets 

These  in  some  instances  closely  resemble  in  parts  and 
method  of  arrangement  sets  of  machine  of  English  design 
and  construction.  Two  standard  sets  may  be  considered. 
The  former  is  a  typical  set  of  the  single -cylinder  class; 
and  the  latter  is  used  for  medium  and  short  materials,  for 
army  and  similar  cloths. 

Eighth  Example.  Figs.  67,  68,  and  69.  Comprises 
scribbler ,  intermediate ,  and  carder. 

Attached  to  the  scribbler  is  the  preparatory  motions 
mentioned  in  Paragraph  49  (Fig.  54).  Special  features 
of  the  set  are  the  use  of  two  doffers  for  each  swift,  upper 
and  lower,  and  two  fancies  with  a  stripper  fixed  in  front 
of  the  former,  and  a  second  stripper  placed  between  the 
two  doffers. 
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The  wool  from  the  top  doffer  travelling  over  the  end¬ 
less  apron  passes  under  a  guide  roller ;  and  that  from  the 
lower  doffer  over  a  corresponding  apron  and  under  the 
guide,  when  the  band  of  fibres  is  conveyed  by  the  Scotch 
feed  attachment  to  the  intermediate,  Fig.  68. 

The  intermediate  has  one  cylinder  and  five  sets  of 
workers,  being  in  other  particulars  similar  to  the  scribbler. 
The  carded  material  passes  between  a  guide  roller  and 
lower  endless  lattice  delivery  and  forward  to  two  supple¬ 
mentary  travelling  aprons,  to  be  spread  on  the  feed  of  the 
carder,  with  the  fibres  in  the  same  line  as  they  are  removed 
from  the  intermediate. 

The  carder  (Fig.  69)  is  identical  in  arrangement  as  the 
intermediate,  with  a  tape  condenser  attached,  delivering 
four  sets  of  threads. 

Ninth  Example.  This  is  a  two-part  machine,  both  the 
scribbler  and  carder  having  a  breast  cylinder  and  one 
swift,  having  four  sets  of  rollers  over  the  former  and  six 
sets  over  the  latter. 

Between  the  doffer  and  the  main  cylinder  two  rollers 
take  the  place  of  the  angle  stripper,  the  lower  one  clearing 
the  material  off  the  doffer,  and  the  upper  one  taking  a 
portion  of  the  wool  from  the  stripper  and  transferring  it 
to  the  doffer. 

The  dimensions  of  the  breast  and  main  cylinders  and 
other  rollers  are  similar  to  those  of  English  construction. 

53.  Methods  of  Driving  Carding  Machines. — Fig.  42, 
Plate  XIII  (system  practised  by  Messrs.  Platt  Bros.)  is  a 
sketch  of  the  ordinary  system  of  imparting  motion  to  the 
various  parts  of  a  scribbler  or  carder.  The  driving  pulley 
is  fixed  on  the  main  shaft  of  the  last  cylinder,  and  from 
this  shaft  all  motions  are  derived. 

(1)  Main  Cylinders  and  Breast.  By  belt  (blue  line) 
the  pulley  on  the  shaft  of  the  second  swift  drives  a  pulley 
on  the  shaft  of  the  first  swift;  and  a  similar  drive  trans¬ 
mits  movement  to  the  breast  cylinder. 

(2)  The  Doffers.  By  a  train  of  wheels  (dotted  in 
blue)  the  breast  doffer  is  driven  off’  the  shaft  of  the 
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breast,  the  first  and  second  swift  doffers  being  also  driven 
in  the  same  manner. 

(3)  The  Feed  Rollers.  By  a  side  shaft  (not  shown) 


Fig.  67.  Over  first  small  Cylinder,  A,  Burr-Roller  is  fixed,  and  over 
the  second  Cylinder,  A,  a  Worker  and  Stripper. 


Fig.  69. 


which  is  bevel-wheel  geared  with  the  doffer  and  the 
bottom  feed  roller. 

(4)  Taker-in.  By  belt  (blue  line)  off  a  pulley  on  the 
breast  shaft. 

(5)  Strippers  and  Fancy.  Also  by  belt  (red  line)  off 
the  pulley  on  the  breast  and  on  each  of  the  swifts,  passing 
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round  pulleys  on  the  strippers  and  the  fancy,  and  under 
guide  rollers  beneath  each  cylinder. 

(6)  Workers.  By  chain  (dotted  in  blue)  from  a  wheel 
on  each  d offer  shaft. 

In  a  complete  set  of  machines  the  intermediate  and 
carder  are  also  driven  on  the  system  described. 

54.  Condensing.— The  object  of  this  operation,  as  its 
name  implies,  is  to  condense  or  reduce  into  compact 
slivers  the  sheet  of  fibres  delivered  by  the  last  main 
cylinder  of  the  carder.  By  pressure  and  friction  it  divides 
the  material  into  a  series  of  soft,  round,  fluffy  threads, 
designated  slivers,  supplying  to  them  a  sufficient  degree 
of  uniformity,  solidity,  and  adhesiveness  to  make  them 
capable  of  bearing  the  tension  applied  to  them  in  the 
spinning  operation. 

The  counts — i.e .,  the  diameter  or  size— of  the  con¬ 
densed  sliver  in  relation  to  that  of  the  yarn  into  which  it 
is  drawn  and  spun  is  determined  (1)  by  the  qualities  of  the 
materials  used ;  (2)  the_counts  of  the  yarn  to  be  produced  ; 
and  (3)  the  degree  of  twine  or  twist  to  be  inserted. 

(1)  Wools  moderately  long  in  staple  admit  of  more 
drafting  or  attenuation  in  spinning  than  wools  of  a  shorter 
staple,  a  factor  which  in  a  degree  controls  the  counts  of 
the  condensed  sliver,  because  the  less  drafting  feasible  the 
higher  the  counts  of  the  sliver  requisite  to  form  a  given 
counts  of  yarn. 

(2)  In  fine-spun  yarns  it  is  the  practice  to  condense 
relatively  to  higher  counts  than  in  coarse-spun  yarns,  or 
yarns  thick  in  diameter.  For  the  former,  say  30  to 
40  yards  per  dram,  the  average  rule  is  to  condense  to 
two-thirds,  but  for  the  latter — 5  to  8  yards  per  dram — 
condense  to  about  half  the  counts  of  the  yarn  to  be  spun. 

(3)  The  looser  in  twine,  or  the  smaller  the  number  of 
turns  per  inch  to  be  imparted  to  the  sliver  in  spinning, 
the  more  closely  should  the  size  of  the  sliver  approach 
the  actual  counts  of  the  yarn. 

55.  Types  of  Condensers.— These  chiefly  differ  from  each 
other  in  the  system  on  which  they  are  constructed  for 
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(1)  dividing  the  fleece  of  carded  fibres  into  narrow  widths 
of  equal  dimensions;  and  (2)  of  forming  the  flat  ribbon, 
thus  removed  from  the  carder,  into  the  thread-like  con¬ 
sistency  of  a  sliver.  They  are  as  follows : 

I.  Condensers  consisting  of  single  doffer,  single  stripper, 
and  one  pair  of  rubbers  or  leathers. 

II.  Condensers  consisting  of  single  doffer,  double  strip¬ 
per,  and  tandem  rubbers  or  leathers. 

III.  Condensers  consisting  of  double  doffer,  double 
stripper,  and  two  pairs  of  rubbers  or  leathers. 

IV.  Condensers  consisting  of  double  doffer,  double 
stripper,  and  double  tandem  rubbers  or  leathers. 

Y.  Tape  condensers.  ( See  Plate  AA/,  Platt's  Tape  Con¬ 
denser  with  description  appended  thereto;  also  Factory  View 
of  Carding  and  Condensing  Machinery ,  Plate  XX.  The 
Convoy  Woollen  Co .,  co.  Donegal.) 

I.  Single  Doffer,  single  Stripper,  one  pair  of 

Rubbers 

In  this,  the  simplest  construction  of  condenser,  the 
doffer  is  covered  with  rings  of  card  clothing  in  width, 
allowing  a  space  of  T3g4hs  between  each  sliver  stripped  off 
the  cylinder  of  the  carder.  So  that  if  the  cylinder  were 
72"  wide  there  would  be  about  13^"  of  its  surface  that  the 
wire  of  the  doffer  would  never  operate  upon.  To  prevent 
the  accumulation  of  fibres  on  the  uncleaned  parts  a  two¬ 
fold  action  is  applied  to  the  'workers  on  the  last  swift  of 
the  carding  machine,  for  they  have  both  a  rotatory  and 
transverse  motion,  so  that  any  fibres  escaping  the  action 
of  the  ringed  clothing  of  the  doffer  are  re-distributed  on 
the  surface  of  the  cylinder.  This  arrangement  in  time 
places  the  fibres  in  such  positions  that  they  cannot  fail  to 
be  laid  hold  of  by  the  wire  clothing  of  the  condenser.  The 
narrow  bands  of  fibres  are  taken  off  the  doffer  by  the 
stripper  (b,  Fig.  70)  and  passed  by  it  on  to  a  pair  of  rubbers 
which  deliver  them  up  to  the  bobbins  in  the  creel. 

The  characteristic  feature  of  roundness  the  slivers 
attain  in  this  process  is  due  to  the  action  of  the  rubbers, 
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which  not  only  revolve  on  separate  rollers,  but  oscillate 
from  side  to  side.  The  slivers,  which  are  in  an  extremely 
soft  and  pliable  condition  when  leaving  the  doffer,  gradually 
become  rounder  and  rounder,  firmer  and  firmer,  under 
the  continued  transverse  motion  of  the  rubbers,  until  they 
-assume  the  appearance  of  loose,  untwisted  threads. 

When  only  one  pair  of  rubbers,  c,  is  employed,  they 
should  be  about  12"  in  length  from  centre  to  centre.  The 
rotatory  motion  is  obtained  by  wheel  gearing  off  the  doffer, 


but  the  transverse  motion  by  a  vertical  shaft  driven  by 
rope  off  the  last  cylinder  of  the  carder.  The  upper  part  of 
this  shaft  is  mounted  with  eccentrics,  and  the  lower  part 
with  grooved  pulleys  of  different  diameters,  by  which  the 
speeds  of  the  eccentrics  controlling  the  oscillating  move¬ 
ment  of  the  leathers  may  be  varied  as  required.  The  con¬ 
denser  bobbins  are  turned  by  friction,  or  by  the  surface 
drums,  d1  and  n2. 

II.  Single  Doffer,  Single  Stripper,  and  Tandem 

Leather 

This  is  similar  in  construction  to  Type  I,  only  there 
are  two  pairs  of  rubbers,  Fig.  71,  r1  and  R2,  which  provide 
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additional  rubbing  surface,  and  render  the  system  suitable 
for  short-fibred  materials.  Some  degree  of  drafting  may 
be  done  between  r1  and  R2. 

The  method  of  driving  is  sketched  in  Fig.  71.  Motion 
is  imparted  to  the  first  pair  of  leathers  by  the  doffer 
wheel,  a,  gearing  with  b,  the  stud  wheel  of  which  turns  c. 
This  wheel  gears  with  a  31  wheel  on  the  shaft  of  lower 
leather,  on  which  is  also  fixed  a  32  wheel  gearing  with 
the  upper  rubber  wheel.  The  second  pair  of  rubbers  is 
driven  off  r,  through  the  intermediate  wheels,  e,  f,  and  g. 

The  divider,  m  (a  spacing  roller  for  the  slivers),  is 


turned  by  a  wheel  on  the  opposite  end  of  the  stripper 
shaft  to  that  shown  geared  into  a  wheel  on  the  end  of 
shaft,  m.  The  upper  stripper  or  clearer  also  derives  motion 
from  m. 

Assuming  the  teeth  in  the  several  sets  of  wheels  are 
known,  the  speed  of  the  rubbers,  of  the  dividers,  and  of  the 
surface  drums  may  readily  be  ascertained.  In  Fig.  71  the 
following  are  the  data  required:  Doffer  wheel,  a,  =  238 
teeth;  doffer  wheel,  b,  =  24  teeth;  wheel  on  same  stud 
as  b,  42;  c,  40;  r,  32  and  31;  e,  48;  f,  40;  g,  44,  carry¬ 
ing  a  47 ;  h,  32  ;  n  (clearer  for  stripper),  32 ;  first  divider, 
M,  20;  second  divider,  m1  20;  l,  46  ;  i,  32;  j,  33;  k,  12; 
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q,  36;  and  s,  32.  Opposite  end  of  the  stripper  shaft,  s,  = 
28  wheel  geared  with  a  27  on  the  shaft  of  the  first  divider. 


Speed  of  1st  Rubbers  = 


a  x  stud  wheel  42  x  revs,  of  doffer. 


Speed  of  2nd  Rubbers  = 
Speed  of  Dividers 


B  X  E 

a  x  b  x  j  x  revs,  of  doffer 


G  X  H 

a  x  b  x  s  x  revs,  of  doffer 


b  x  o  x  27  wheel  on  shaft  of  divider 

o  -rv  e1xkx  speed 

Speed  of  Surface  Drums  =  - £ - 


J  X  Q 


III  and  IV.  Types 

In  the  former  there  is  one  pair  of  upper  rubbers  and 
one  pair  of  lower  rubbers,  but  in  the  latter  two  pairs  of 
top  and  two  pairs  of  bottom  rubbers  arranged  in  tandem 
order,  as  in  Fig.  72.  Both  the  doffers  are  clothed  on  the 
ring  principle,  with  the  strips  of  card  clothing  of  the 
upper  one  opposite  the  spaces  in  the  lower  one,  and  vice 
versa ,  so  that  the  fibres  escaping  from  the  points  of  one 
are  engaged  by  those  of  the  other  doffer.  A  defect  of  this 
arrangement  is  that  the  slivers  from  the  bottom  doffer  are 
liable  to  be  thicker  than  those  from  the  top  doffer ;  but  it  has 
the  considerable  advantage  over  the  first  type  of  machine, 
in  that  the  card  clothing  of  the  two  doffers  act  upon  every 
part  of  the  width  of  the  last  cylinder  of  the  carder. 

The  construction  of  this  condenser  (Type  IV)  is  shown 
in  the  line  drawing,  Fig.  72.  The  slivers  from  the  top 
doffer  pass  between  the  rims  of  the  divider,  the  two  sets 
of  rubbers,  and  round  the  surface  drums  to  the  condenser 
bobbins,  those  from  the  lower  doffer  being  conveyed  in  a 
like  manner  to  the  bobbins  fixed  in  the  bottom  part  of  the 
creel. 

V.  Tape  Condensers.  (See  Plates  XX  and  XXI) 

They  are  so  called  on  account  of  the  use  of  narrow 
strips  of  leather  and  steel  bands  for  dividing  the  fleece  of 
fibres,  and  delivering  them  to  the  rubber  in  a  suitable 
degree  of  consistency  to  be  convertible  into  a  condensed 
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sliver.  Thus  the  sheet  of  carded  material  is  removed  from 
the  doffer  by  the  usual  fly  comb,  and  immediately  passes 
between  an  upper  and  lower  metal  roller,  a,  a1,  Fig.  65, 
Plate  XVII,  divided  into  as  many  sections  as  there  are 
slivers  to  be  condensed.  The  rollers  of  a  60"  cylinder 
machine  may  contain  120  or  more  divisions.  Each  altern¬ 
ate  section  is  grooved,  the  smooth  surface  of  one  roller 
opposing  the  grooved  parts  of  the  other. 

The  principle  of  the  machine  will  be  understood  from 
the  line  drawing,  Fig.  65,  Plate  XVII.  Here  the  thick  faint 
yellow  line  shows  the  fleece  of  fibres  from  the  fly  comb  of  the 


doffer  as  it  passes  between  the  grooved  cylinders,  a  and  a1, 
to  the  rubbers,  r  and  r1.  The  two  series  of  endless  bands 
divide  the  sheet  of  material  from  the  doffer  into  two  series 
of  strips  or  slivers,  those  coloured  red  taking  the  series  oft’ 
a,  and  those  coloured  blue  the  series  off  a1.  The  slivers 
of  the  former  are  conveyed  to  rubbers  r,  and  from  the 
latter  to  rubbers  r1. 

The  routine  of  the  red-coloured  bands  is  over  the 
cylinder  a,  between  a  and  a1,  under  guide  g,  round  g1 
and  G2,  back  to  a;  and  that  of  the  blue-coloured  bands 
under  a1,  guide  G3,  G,  over  g1,  and  between  cylinder  a 
and  a1.  The  slivers  from  the  upper  rubbers  are  delivered 
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by  friction  drums,  1  and  2,  and  from  the  lower  rubbers 
by  3  and  4,  to  the  bobbins  in  condenser  creel. 

The  driving  gear  for  this  type  of  condenser  is  sketched 
in  Eig.  73.  A  pulley,  10 10  diameter,  on  the  shaft  of  the  last 
cylinder  of  the  carder  by  belt  drives  a  19"  pulley,  a,  on 
the  condenser,  carrying,  B,  gearing,  c1,  which  turns  pinion, 
d1,  gearing  with  the  lower  rubber  wheel. 


j  a  19"  x  pulley  (104")  on  the  shaft  of  the  main  cylinder  _ 

Revs,  per  minute  of  the  main  cylinder 
of  a  per  minute. 

_  b  (10  teeth)  x  large  d1  (52)  x  revs,  of  a  _  g  q£ 
small  d1  (48)  x  r1  (28  teeth,  rubber  shaft  wheel) 
rubbers  per  minute. 

_  Rubber  pinion  i1  (36)  x  e  (12)  x  37  (revs,  of  rubber)  _  „  £ 

j  (40)  x  f  (32) 
surface  drums  per  minute. 


The  doffer  (wheel  238),  Fig.  73,  is  not  driven  direct  off  the 
swift,  but  by  wheel  gearing,  thus  b  gears  with  a  wheel  on 
shaft  c,  turning  c2,  which  meshes  with  c3,  mounted  with 
the  change  wheel  75,  and  this  imparts  motion  to  the  wheel 
on  the  doffer  shaft. 

The  arrangement  of  the  rubbers  and  bobbins — surface 
drums  chain  driven — for  four  and  six  parts  of  rubbers  is 
sketched  in  Figs.  74  and  75. 

In  the  Bolette  system,  Fig.  76,  the  dividing  bands 
partly  encircle  the  cylinder,  so  that  the  liability  of  break¬ 
age  is  diminished,  and  also  of  irregular  condensing  through 
unsatisfactory  joinings  of  the  bands. 

In  the  sectional  drawing,  Fig.  76,  a  and  b  are  the  cross 
bars  to  which  the  steel  blades  are  secured,  c  and  d  the 
carrying  leathers,  e  and  f  the  pressing  rollers  for  the  steel 
blades,  g  and  H  the  stripping  rollers,  i  and  k  the  rubbers, 
and  1  to  4  the  surface  drums.  The  steel  blades  fastened 
to  parts  a  pass  between  the  two  carrying  leathers,  c  and  d 
(passing  under  pieces  l  and  m),  and  also  between  these 
carrying  leathers  and  the  rollers  e  and  f.  The  steel  blades 
fastened  to  part  b  pass  between  the  carrying  leathers  and 
between  pressing  roller,  e,  and  the  carrying  leather,  c. 

The  dividing  of  the  fleece  of  fibres  is  effected  at  the 


Fig.  73.  Driving  Mechanism  for  Double-Rubber  Condenser. 
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point  where  the  steel  blades  intersect,  the  course  of  the 
material  being  indicated  by  grey  lines.  The  following  is 
the  routine:  The  material  stripped  from  the  doffer  by  the 
fly  comb  is  divided  into  ribbons  or  slivers,  one  series 
being  conveyed  by  the  steel  blades,  a,  and  the  carrying 
leather,  d,  and  the  other  series  by  the  steel  blades,  b,  and 
the  carrying  leathers,  c.  Rollers  g  and  h  convey  the 
separate  series  of  threads  to  the  rubbing  leathers,  i  and  k, 
respectively.  The  steel  blades  have  a  slow,  vertical  and 


Fig.  74.  Four-Bobbin  (with  four  pairs  of  rubbers)  Tape  Condenser. 


horizontal  movement  which  equalizes  the  wearing  of  the 
blades,  and  also  of  the  carrying  leathers. 

There  are  other  types  of  condensers,  such  as  the  Gessner, 
and  modifications  of  the  types  of  dividers,  but  those 
described  comprise  the  main  principles  of  construction. 

56.  Spinning  ( for  factory  view  of  a  set  of  self  actors  see 
Plate  XXII ,  Convoy  Woollen  Co.,  Ltd.,  co.  Donegal). — -The 
only  process,  after  condensing,  through  which  the  wool 
has  to  pass  before  a  weavable  thread  or  yarn  is  obtained, 
is  spinning.  The  condensed  sliver  is  nothing  less  than  the 
basis  of  the  spun  yarn,  for  all  that  is  requisite  to  make  it 
suitable  for  weaving  purposes  is  the  addition  of  twist.  This, 
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of  course,  is  necessary  to  impart  strength,  firmness,  and 
solidity — three  essentials  which  are  not  present  in  the  soft 
thread  yielded  by  the  condenser.  A  sliver  is  the  result  of 
rubbing  a  number  of  fibres  together,  but  the  yarn  produced 
on  the  mule  or  self-actor  is  obtained  by  two  distinct  motions 
— firstly,  that  of  twisting,  compressing,  and  twining  the 


Fig.  75.  Six-Bobbin  (with  six  pairs  of  rubbers)  Tape  Condenser. 


individual  fibres  of  which  the  sliver  is  composed,  firmly 
round  one  another,  affording  thereby  strength,  compact¬ 
ness,  and  tenacity  to  the  thread;  and,  secondly,  that  of 
drawing  out  (simultaneously  imparting  additional  twist 
or  twine)  the  sliver,  which  increases  its  length  in  the 
same  ratio  as  it  decreases  its  thickness  or  circumference. 

The  sliver  of  the  condenser  possesses  but  little  adhesive¬ 
ness.  It  is  in  the  form  of  a  thread,  but  lacks  weaving 
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capabilities.  When  tension  is  applied  it  readily  breaks. 
This  arises  from  the  relation  which  the  fibres  sustain  to 
each  other.  They  are  simply  rolled  one  over  the  other 
into  a  continuous  circular  longitudinal  form,  without  any 
motion  being  applied  to  secure  them  permanently  in  this 
condition.  To  impart  strength  and  elasticity  to  the  sliver 
thus  formed,  and  to  transform  it  into  a  thread  or  yarn 
which  will  bear  the  friction  and  strain  of  the  weaving 
process,  a  binding  affinity  or  cohesion  of  the  fibres  must 
be  brought  about.  The  method  of  effecting  this,  as  already 
noted,  consists  in  imparting  into  the  sliver  twist,  which 
forces  the  fibres  into  closer  contact  with  each  other,  re¬ 
ducing  the  thickness  of  the  thread,  and  substituting 
solidity,  resisting  power,  and  tenacity,  for  softness,  lack 
of  firmness,  and  lack  of  elasticity. 

The  condition  and  relation  of  the  carded  filaments  in  the 
condensed  sliver  are  clearly  observed  in  Figs.  77  and  78. 
The  former  is  a  condensed  thread  made  of  Cheviot  wool,  and 
the  latter  of  pulled  waste.  Such  distinct  qualities  of  materials 
are  evident  in  the  slivers,  but  this  is  insufficient  to  destroy 
the  distinguishing  characteristic  of  each  sliver,  namely, 
the  clustered  groups  of  entangled  filaments.  Curly,  short, 
and  every  variety  of  fibre  which  have  been  carded  to¬ 
gether,  constitute  a  feature  of  the  slivers.  One  essential 
must  be  noted  in  both  Figs.  77  and  78 — the  density  or 
degree  of  cohesion  is  uniform  or  equalized — that  is  to  say 
there  are  no  compact,  unopened  “  neps  ”  of  fibres.  Neces¬ 
sarily,  the  sliver  in  Fig.  78  is  more  cpmpact  or  denser  in 
structure  than  the  sliver  in  Fig.  77,  but  this  is  caused  by  the 
difference  in  the  quality  and  fineness  of  the  two  classes  of 
materials  of  which  they  are  respectively  manufactured. 
The  absence  of  twist  is  another  characteristic.  The  ad¬ 
hesion  of  the  filaments  and  the  consistency  of  the  sliver  have 
been  effected  by  the  oscillating  or  side  movement  of  the 
pairs  of  leathers  of  the  condenser,  and  the  continuous 
length  produced  by  the  revolving  action  of  the  same. 
Submit  these  slivers  or  lengths  of  clusters  of  fibres  to  the 
processes  of  twisting  and  drafting  or  attenuation,  and 
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4-Bobbin  Tape  Condenser 

Section  I. 


D.  C.  =  Doffer  Cylinder. 

E.1  to  E. 4 = Eccentrics  for  Imparting  Oscillating  Motion  to  Rubbers  R.1,  R.2,  R.3,  and  RF 
T.C.  =  Upper  Tape  Cylinder. 

S.  =  Upright  Shaft,  Rope  Driven,  for  Driving  Eccentric  Gearing. 

D.  =  Divider. 

R.1  to  R,  ‘  =  Rubbing  Leathers. 

B. 1  to  B.4  =  Condenser  Bobbins. 

F.D.  =  Friction  Drum  for  Condenser  Bobbin  IF. 



E  XXI 


ssrs.  Platt  Bros,  and  Co.,  Ltd.). 


Section  II. 

P.  =  Strap  Pulley  driven  off  Shaft  of  Carder. 

D.S.  =  Shaft  carrying  Driving  Wheel  for  giving  motion  through  Wheel  Gearing 
shown  to  (1)  the  Tape  Cylinders;  (2)  the  Rubbers  (Rotary  Movement) 
and  Dividers  ;  and  (3)  the  Friction  Drums. 

T.C.  =  Upper  Tape  Cylinder. 

D.  =  Divider. 

D.C.  =  Doffing  Cylinder. 

C.W.  =  Wheel  for  Chain  Gear. 

F.D.1  to  F.  D. 4  =  Friction  Drum  Wheels. 

B.J  to  B. 4  =  Condenser  Bobbins. 



Fig.  76.  Bolette’s  Tape  Condenser. 
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observe  what  transpires.  Fig.  77  is  changed  to  the 
structure,  density,  and  fineness  of  Fig.  79;  and  similarly 
Fig.  78  is  changed  to  Fig.  81,  illustrating  the  results 
which  have  to  be  attained  in  the  spinning  operation.  The 


Fig.  77.  Condensed  Sliver,  Cross-bred  Wool. 


Fig.  78.  Condensed  Sliver,  Pulled  Waste. 


effect  of  additional  twist  is  denoted  by  a  still  greater 
contrast  (see  Figs.  80  and  82). 

57.  Compound  Nature  of  Spinning. — It  is  now  under¬ 
stood  that  the  looseness  of  consistency  of  the  condensed 
sliver  render  it  essential  before  drafting  or  drawing  out 
is  attempted,  that  some  definite  amount  of  twisting  of  the 
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fibres  together  must  be  clone.  This  is  the  preliminary  part 
of  the  process.  After  a  short  length  of  sliver  has  been  de¬ 
livered  by  rollers  r,  r1  (Fig.  83  and  Plate  NXIII),  simul- 


Fig.  79. 


Condensed  Sliver  (Cross-bred  Wool)  after  Drafting. 


Fig.  SO.  Spun  Yarn  (17  Count),  Cross-bred  Wool. 


taneously  with  the  insertion  of  twist  or  twine,  a  spun  yarn 
structure  results  which  may  be  elongated  about  one-third 
without  breakage,  providing  that  twisting  is  concurrently 
performed  with  the  drawing  operation. 
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There  are  strictly  three  distinct  stages  in  the  spinning 
of  a  woollen  yarn  on  the  self-actor : 

I.  The  delivery  of  a  definite  length  of  thread  concur¬ 
rently  with  the  insertion  of  twine.  This  is  done  during 


Fig.  81.  Condensed  Sliver  after  Drafting,  Pulled  Waste. 


Fig.  82.  Spun  Yarn  (20  skeins),  Pulled  Waste. 

the  first  period  of  the  outward  traverse  of  the  carriage  (c, 
Fig.  83).  The  spindles  then  revolve  relatively  at  a  higher 
speed  than  the  delivery  rollers  R,  and  the  carriage  moves  at 
its  lower  speed.  The  explanation  of  this  is  (a)  the  rapid 
action  of  the  spindles — the  slivers  resting  on  the  top  of 
them — in  imparting  twist,  solidify  and  strengthen  the  yarn, 


View 


XXII 


[The  Convoy  Woollen  Co.,  Ltd.,  Convoy,  Co.  Donegal. 

rs  (Woollen  Mill). 
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filament  being  twisted  round  filament;  and  ( b )  the  slow 
traverse  of  the  carriage  provides  the  necessary  period,  as 
the  slivers  are  being  given  out  by  the  rollers,  for  insertion 
of  this  preliminary  twist  or  twine. 

II.  Drafting  and  Twisting.  These  are  done  at  one  and 
the  same  time,  and  immediately  follow  the  preceding  pro¬ 
cess.  First  the  rotary  movement  of  the  rollers,  r,  R1,  is  sus¬ 
pended,  but  the  carriage  continues  its  outward  traverse, 
reaching  the  limit  of  which,  it  also  stops,  the  speed  of  the 
spindles  being  augmented.  The  drafting  is  effected  at  the 
stage  from  the  stoppage  of  the  rollers,  and  increases  the 
length  of  the  yarn  by  about  one- third.  If  twist  were  not  added 
during  attenuation  the  threads  would  break.  Figs.  79  and 
81  show  the  structure  and  quality  of  the  yarn  on  the  stop¬ 
page  of  the  carriage,  and  Figs.  80  and  82,  when  the  final 
twist  has  been  given,  converting  a  loose  fibrous  sliver  into 
a  firm,  weavable  yarn. 

III.  Preparation  for  Winding.  The  yarn  nearest  the 
tip  of  the  spindle  is  slightly  harder  in  twine  than  the 
length  approaching  the  rollers.  This  has  to  be  rectified 
before  winding  on  to  the  cop  on  the  spindle,  otherwise  an 
uneven  spin — a  thread  varying  in  turns  per  inch — would 
ensue.  To  accomplish  this  the  spindles  are  reversed 
(turned  backing  off),  the  slack  being  taken  up  by  the 
action  of  the  faller,  f,  and  the  counter  faller,  f1  (Fig.  88 
and  Plate  XXIII),  bringing  the  threads  into  proper  relation 
to  the  spindles  for  winding. 

58.  Winding  the  Yarn  on  to  the  Spindles. — The  spindles, 
as  the  carriage  approaches  the  delivering  rollers,  wind  up 
the  yarn,  its  distribution  being  regulated  and  governed  by 
the  quadrant  and  the  cop  shaper. 

To  follow  the  mechanical  routine — the  slivers  coming 
from  the  condenser  bobbins  fixed  in  the  stands  (Plate 
XXIII)  of  the  frame  pass  between  rollers,  r,  r1,  the  upper 
one  a  pressure  roller,  and  the  lower  one  fluted.  The  con¬ 
denser  bobbins  are  turned  by  the  friction  rollers  r3.  The 
spindles,  b,  and  cylinder  a  (Fig.  83),  are  fixed  in  the 
carriage,  c.  A  band  or  cord,  h)  is  taken  round  a,  and 
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the  wharl,  w,  of  each  spindle  so  that  the  entire  series  of 
spindles  is  driven  by  the  cylinder. 

As  the  carriage  recedes,  faller  f  retains  the  slivers 
on  the  level  with  the  tips  of  the  spindles,  so,  although 
nearly  at  right  angles  with  them,  twisting  is  effected 
without  winding.  Reaching  the  end  of  the  traverse,  the 
motion  of  the  spindles  is,  for  an  instant,  interrupted,  and 
the  fallers  are  so  operated  that  f1  depresses  the  threads,  the 
spindles  being  reversed,  and  the  carriage  slightly  moving 
forward.  Immediately  all  the  parts  are  automatically 
started  for  winding  up,  the  carriage  travelling  towards 
rollers,  R,  R1,  and  the  spindles  revolving  at  the  slow  speed 
and  in  the  same  direction  as  in  twisting,  but  now  resulting 
in  the  spun  yarn  being  wound  on  to  the  cop  or  bobbin. 

The  diversity  of  mechanical  changes  involved  com¬ 
prises  (a)  the  delivery  rollers  revolving  and  stopping  at  a 
definite  period  in  relation  to  the  outward  “run”  of  the 
carriage ;  ( b )  the  actuation  of  the  fallers,  successively,  for 
twisting  and  winding-  (c)  the  variation  in  the  speeds  of 
the  spindles  in  twisting,  their  momentary  reversal,  and 
their  re-starting  for  winding;  and  (d)  the  drawing  up  of 
the  carriage  and  winding  of  the  yarn  in  a  tapering  coil  on 
to  the  cop. 

59.  Method  of  Driving. — This  is  more  complex  than  in 
carding  and  other  machinery,  due  to  the  several  groups  of 
motions  which  have  to  be  started  and  stopped  in  the 
sequence  of  work  described.  The  system  ordinarily 
adopted  consists  in  the  employment  of  a  counter-shaft  on 
which  are  mounted  fast  and  loose  pulleys,  driven  from  the 
motor  or  main  shaft,  a  drum  for  driving  the  rim  shaft  of 
the  headstock,  and  a  three-grooved  rope  pulley  for  driving 
the  intermediate  or  back  shaft  2a  (Fig.  83).  The  strap 
guide  is,  during  the  operations,  changed  automatically  from 
1b  to  1a  or  lc(Fig.84).  When  placed  on  1b,  the  loose  pulley, 
all  parts  of  the  machine  are  stopped.  The  rim  shaft  in  a 
parallel  driven  self-actor,  is  parallel  with  the  carriage,  and 
is  termed  direct  drive  as  distinct  from  a  cross-driven  ma¬ 
chine  with  the  rim  shaft  fixed  at  right  angles  to  the  carriage. 


2  C 
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First  the  drum  of  the  counter  shaft  is  the  main  drive, 
and  controls  by  the  strap  pulleys,  1a  and  lc  (Fig.  84),  all 
motions  relating  to  the  drawing  and  spinning,  including 
the  outward  “run”  of  the  carriage,  the  operations  of  the 
cylinder,  a,  spindles,  b,  twist  gear,  the  delivery  rollers,  R,  R1, 
surface  drums,  and  the  slubbing  or  drafting  mechanism 
— the  last  three  are  only  in  motion  during  the  first  half  of 
the  outward  traverse  of  the  carriage.  Second,  the  three- 
grooved  pulley  on  the  same  counter  or  driving  shaft  actuates 
the  parts  for  drawing  up  the  carriage,  the  cam  shaft,  ancT 
the  motions  for  baching  off. 

The  scheme  of  the  various  motions  and  the  methods  of 
controlling  them  may  be  traced  by  reference  to  Fig.  84. 
Starting  with  the  rim  shaft,  on  one  end  is  fixed  the  princi¬ 
pal  change  pinion,  7,  and  inside  the  framework  a  second 
pinion  for  the  twist  gear.  These  may  at  once  be  explained. 
The  former,  by  a  chain  of  wheels,  drives  the  delivery 
roller  shaft,  d  s  (Fig.  84),  which  carries  a  set  of  wheels 
at  each  end  for  imparting  motion  to  the  surface  drums. 
The  intermittent  action  of  the  rollers  is  determined  by  the 
slubbing  wheel  and  clutch,  the  wheel  being  numbered  for 
fixing  the  length  of  sliver  to  pass  between  the  rollers  at 
each  draw,  that  is,  the  alternating  periods  at  which  the 
latter  are  to  revolve  and  to  be  out  of  action.  For  regulat¬ 
ing  the  amount  of  twist  to  be  given  to  the  length  of  sliver 
delivered,  a  twist  gear,  or  wheel,  begins  moving  at  the  same 
time  as  the  spindles,  and  is  arranged  to  operate  the  strap 
guide  catch  at  the  proper  moment,  changing  from  the  fast 
to  the  loose  speed  pulley  and  stopping  the  spindles.  It  is 
driven  off  the  rim  shaft  and  consists  of  a  short  shaft 
mounted  at  one  end  with  a  finger  for  lifting  the  catch  of  the 
strap  guide,  and  at  the  other  with  the  twist  wheel  marked  to 
indicate  the  turns  for  setting.  The  rim  shaft,  r,  s  (Figs.  83 
and  84),  carries  three  strap  pulleys,  1a,  1b,  and  lc,  and  two 
rim  pulleys,  2a  and  2c.  Pulley  1a — the  small  speed  drive 
— acts  in  conjunction  with  2a  ;  and  lc — the  fast  speed  drive 
— turns  the  large  rim  pulley,  2c.  The  bands  passing  round 
the  rim  pulleys  drive  the  tin  roller,  a,  of  the  carriage. 
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The  fast  speed  pulley  is  not  secured  to  the  rim  shaft, 
but  to  a  long  sleeve,  or  boss,  running  loosely  on  the  shaft. 
The  large  rim  pulley  is  also  fixed  on  the  same  boss. 
Hence  lc  and  2c  may  be  driven  independently  of  other 
parts  on  the  rim  shaft.  To  explain — -when  the  carriage  is 
drawing  out,  and  1a  drives  2a,  the  latter  by  means  of  -fa" 
cotton  band,  turns  the  tin  roller  which,  by  Y  cotton  band, 
sets  the  spindles  in  motion;  but,  meanwhile,  all  other 
pulleys  and  connections  on  the  shaft  are  acting  as  carriers. 
When  the  small  rim  pulley  has  accomplished  its  part  of 
the  routine  (i.e.,  operated  the  rollers  and  spindles  during 
the  first  period  of  the  drawing  out  of  the  carriage),  the 
belt  is  changed  from  1a  to  lc,  transmitting  movement  to 
the  large  or  fast  rim  pulley,  2c,  which  becomes  the  driver 
— other  pulleys  acting  as  carriers — and  augments  the 
speed  of  the  spindles  to  give  the  degree  of  twine  necessary. 
This  rim  pulley  also  actuates  the  jacking-up  motion  from 
the  tin  roller.  It  is  stopped  by  the  action  of  the  twist 
gear  on  the  completion  of  the  “spin,”  and  just  before  the 
backing- off  takes  place. 

1 1  is  now  understood  how  two  speeds  are  given  to  the 
spindles,  why  they  are  essential,  and  at  what  stage  in  the 
movement  of  the  carriage  the  transition  is  made  in  the  drive 
of  the  spindles  from  band  pulley  2a  to  band  pulley  2c. 

The  course  of  the  bands  or  cords  for  this  purpose  are 
shown  in  Fig.  85  and  Fig.  86  (in  Figs.  85,  86,  and  87  the 
inner  rim  in  all  cases  is  taken  as  the  first  in  the  series),  the 
former  is  the  arrangement  in  the  self-actor  for  woollen 
yarns  made  by  Messrs.  Platt  Bros.,  and  the  latter  by 
Messrs.  Wm.  Whiteley  and  Sons.  Both  methods  are 
largely  practised. 

Starting  (Fig.  85)  with  the  large  rim,  2nd  c,  the  band 
passes  round  the  bottom  guide,  2nd  d,  and  round  2nd  e, 
2nd  f,  2nd  G,  2nd  h,  to  small  rim,  1st  a,  small  rim  guide, 
1st  b,  returning  to  the  large  rim,  1st  c,  then  round  1st  d, 
1st  e,  1st  f,  1st  G,  1st  h,  2nd  a,  2nd  b,  and  back  to  2nd  c. 

In  Fig.  86,  guide  b  is  a  four-grooved  pulley,  the  extra 
guide  in  Platt’s  system  being  substituted  by  the  use  of 



Pla^ 


View  of 


ij> 


XIII 


•Actor, 


[Messrs.  William  Whiteley  and  Sons,  Ltd. 


Large  Rim  Pulley  •with  outside  and  inside  Rims  1  and  2. 


/ 


r. 


Fig,  85.  Scheme  of  Rands  for  controlling  Carriage  (Platt). 



Fig.  86.  Scheme  of  Bands  for  controlling  the  Carriage  (Wliiteley) 


Guide  Pulley  for  Rim  Pulley  A. 


Fig.  87.  Scheme  of  Bands  for  controlling  the  Carriage  (Asa  Lees). 
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four  instead  of  two  grooves  in  this  bottom  guide.  The 
course  of  bands  is  :  2nd  rim  of  c,  4th  b,  2nd  e,  2nd  f,  2nd  G, 
2nd  d,  2nd  a,  2nd  b,  1st  a,  1st  b,  1st  e,  1st  f,  1st  g,  1st  d, 
1st  c,  3rd  b,  return  to  2nd  c. 

One  of  the  special  features  in  the  method  practised  in 
Messrs.  Asa  Lees’  cross-driven  self-actor  (Fig.  87),  is  the 
upper  and  lower  guide  pulleys  are  in  duplicate  and  not  in 
a  line  with  each  other.  The  remaining  rim  pulleys  of  the 
series  have  four  grooves  instead  of  two.  The  course  of  the 
bands  here  (Fig.  87),  is  as  follows:  From  1st  c  to  1st  b, 
1st  e,  1st  f,  1st  G,  1st  d,  1st  a,  1st  H,  3rd  e,  3rd  f,  3rd  g, 
1st  i,  2nd  c,  2nd  b,  2nd  e,  2ndF,  2nd  g,  2nd  d,  2nd  a,  2nd  h, 
4th  e,  4th  f,  4th  G,  2nd  i,  and  return  to  1st  c. 

Control  of  the  Carriage. — The  traverse  of  the  carriage  is 
complicated,  due  to  its  variable  speeds.  Thus,  at  the 
commencement  of  the  draw,  the  speed  is  slow,  then 
accelerated,  and  after  the  cessation  of  the  delivery  rollers, 
slowed  down.  This  diverse  rate  of  movement  is  controlled 
by  a  pair  of  scrolls — the  drawing  out  scroll,  s1,  and  the 
check  scroll,  s2  (Fig.  84).  They  are  constructed  to  take 
different  lengths  of  cotton  driving  band,  namely,  84",  78", 
and  72",  allowing  12"  extra  on  the  draw  of  the  carriage  for 
adjustment  of  the  band  on  the  scroll,  whether  on  the  start¬ 
ing  or  finishing  section.  It  will  be  seen  that  the  grooves 
in  s1  are  put  the  reverse  of  the  grooves  in  s2.  Beginning 
with  the  attachment  of  the  V  cotton  band,  it  is  wound  on 
from  the  thick  to  small  part,  passed  over  pulley  a2  (Fig. 
88),  to  be  fastened  to  a  ratchet  wheel  in  the  middle  of  the 
carriage.  The  check  scroll,  s2  (Fig.  84),  is  wrapped  with 
a  similar  band,  beginning  at  the  smallest  diameter,  and 
coiling  to  fill  the  grooves.  The  free  end  is  then  taken  > 
and  attached  direct  to  the  framework  of  the  carriage.  The 
check  band  winds  off  as  the  drawing  out  scroll  winds  on, 
preventing  the  carriage  from  over-running. 

60.  Continuous  Spinning  of  Woollen  Yarns  ( Machines 
made  by  Messrs.  Platt  Bros.,  and  Messrs.  John  Sykes  and 
So?is).- — As  the  term  denotes,  the  object  is  to  spin  a  carded 
and  condensed  sliver  without  the  sequence  of  intermittent 
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Fig.  88.  Section  of  Self- Actor — Quadrant  Motion. 
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motions  on  the  self-actor,  that  is,  to  draft  to  the  required 
degree  a  sliver  free  from  twine,  then  by  twisting  to  convert 
itintoafirm,  weavable  yarn,  the  delivery  of  the  sliver  and  the 
winding  up  of  the  spun  thread  therefrom  being  performed 
continuously.  This,  it  will  be  observed,  is  entirely  differ¬ 
ent  in  nature  of  routine  from  the  compound  process  of 
spinning  which  takes  place  on  the  self-actor.  Thus  draft¬ 
ing  is  not  accomplished  by  the  spindles,  on  which  the 


Fig.  89.  Sykes’  Continuous  Woollen  Spinning  Frame. 

Gi  =  Cylinder  for  driving  the  Wharls.  G2=Cylinder  for  driving  the  Spindles. 

yarn  is  wound,  fixed  in  a  movable  carriage;  intermittent 
revolving  delivery  rollers  are  not  used ;  and  the  yarn  is 
not  spun  and  wound  up  in  lengths  of  a  few  yards  each  at 
a  time.  As  substitutes  for  these  distinguishing  mechanical 
features  of  mule  spinning — the  slivers  pass  between  a  pair 
of  receiving  rollers,  between  sets  of  “  carriers,”  to  a  pair  of 
delivering  rollers  having  a  higher  circumferential  speed, 
and  thereby  elongating  or  drafting  the  slivers;  twist  is 
inserted  into  the  drawn  out  slivers  as  they  escape  from  the 
nip  of  the  delivery  rollers,  and  pass  forward  to  the  bobbins ; 
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and  a  continuous  winding  up  of  the  yarn  is  effected  by  the 
spindles  mounted  in  a  fixed  frame  (Fig.  89).  Mechanically 
the  system  possesses  some  of  the  features  of  frame  spin- 


Fig.  90.  Sectional  Drawing  showing  the  passage  of  the  thread  in  the 
Continuous  Woollen  Frame  (Sykes). 


ning  for  worsted  and  cotton  yarns;  but  here  there  are 
several  drawing  boxes,  in  each  of  which  doubling  and 
drafting — and  maybe  a  slight  degree  of  twisting — are 
practised,  until  a  thread  of  suitable  diameter  and  regularity 
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of  structure  may  be  formed  in  the  process  of  roving.  The 
soft  thread,  thus  obtained,  is  still  further  drafted  on  the 
spinning  frame  before  the  real  and  final  twist  is  intro¬ 
duced — which  makes  it  a  weavable  yarn — as  it  passes  from 
the  front  pair  of  rollers  to  the  spindles.  An  essential 
difference,  therefore,  between  frame-spun  worsted  yarn 
and  the  continuous-spun  woollen  yarn,  is  that  the  former 
is  a  multiple  or  series  of  preparatory  but  similar  processes 
plus  spinning,  and  the  latter  a  simple  routine  of  work, 


Fig.  91.  Sliver  from  Condenser  Bobbin. 


converting,  at  one  operation,  the  untwisted  condenser 
sliver  into  a  firm,  spun  thread. 

61.  Comparison  between  Mule  and  Frame  Spun  Yarns. — 
That  yarns  spun  on  the  self-actor  and  the  continuous  frame 
should  differ  in  structure  and  quality  is  sufficiently  evid¬ 
ent  from  the  mechanical  treatment  to  which  the  condensed 
slivers  are  subjected,  peculiar  to  the  two  systems.  The 
condensed  yarns  may  be  identical  as  to  material  and 
method  of  preparation,  but  they  would  receive  a  different 
structural  formation  and  character  if  spun  on  the  mule  and 
frame  machine.  Comparing  such  yarns  in  the  first  stage 
of  spinning  after  drawing  out  or  attenuation  (Figs.  91  and 
79),  the  elements  of  dissimilarity  are  quite  marked.  The 
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slivers  in  these  two  photomicrographic  illustrations  are 
both  made  of  cheviot  wool  and  condensed  to  a  similar 
counts — the  former  being  frame  or  roller,  and  the  latter 
mule  or  spindle  drafted.  Both  are  consistent  to  a  definite 
arrangement  or  grouping  of  filaments,  but  in  Fig.  79  they 
are  more  closely  adj  usted  in  relation  to  each  other  than  in 
Fig.  91.  The  sliver  is  not  so  free  from  irregularities,  the 
fibres  being  unequally  distributed,  and  more  curly,  but 
the  core  of  the  sliver  is  firmer  and  more  compact  than  the 


Fig.  92.  Frame  Spun  Woollen  Yarn. 


sliver  in  Fig.  91.  This  is  due  to  the  measure  of  tAvist  ap¬ 
plied  to  the  slivers  when  spinning  on  the  mule  prior  to  the 
process  of  drafting.  Each  twist  fixes  the  order  of  fibres 
prepared  by  the  operations  of  carding  and  condensing. 
Roller  drafting  tends  to  straighten  the  fibres  and  to  draw 
them  in  a  systematic  relation  to  each  other,  but  spindle 
drafting  has  the  opposite  effect,  establishing  and  con¬ 
solidating  the  fibrous  characteristics  of  the  condensed  sliver. 

The  filaments,  after  twisting,  have  not  the  same  facility 
to  glide  or  pass  each  other  during  the  process  of  attenua¬ 
tion  of  the  slivers,  as  in  the  untwisted  condition.  The 
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whirling  of  the  slivers  in  twisting  produces  the  meshing 
of  fibres  seen  in  Fig.  79.  Twisting  has  given  a  definite 
turn  or  direction  to  the  stronger  fibres,  the  finer  and 
shorter  wool  beino-  forced  into  the  core  or  heart  of  the 
thread.  On  the  other  hand,  in  the  roller-drafted  sliver 
(Fig.  91)  the  fibres  possess  an  equality  of  distribution  and 
arrangement  approaching  parallelism.  Drafting  is  possible 
in  such  a  sliver  with  a  minimum  degree  of  friction  and 
strain  on  the  individual  fibres. 

The  spun  yarns  (Figs.  80  and  92)  resulting  from  the 
two  types  of  sliver,  have  their  characteristics  more  clearly 
developed.  The  smoothness  and  levelness  of  surface  of  the 
one,  and  the  rough  undulated  surface  of  the  other,  are  in¬ 
creasingly  pronounced.  In  twisting  a  sliver  of  the  con¬ 
struction  of  Fig.  92,  the  fibres  roll  into  contact  with  each 
other.  Being  comparatively  straight,  a  level  thread  is 
formed  in  the  process,  whereas  in  spinning  slivers  on  the 
self-actor  the  longer  fibres  whirl  round  the  circumference 
of  the  yarn — the  short  filament  being  utilized  in  making 
the  core — and  impart  to  it  the  uneven  and  undulated  sur¬ 
face  sketched  in  Fig.  80. 

Each  system  of  spinning  has  its  applications.  By  far 
the  larger  bulk  of  woollen  yarn  manufactured  is  mule 
spun.  Spinning  on  the  self-actor  produces  a  structure  of 
thread  of  sound  felting  character,  and  suitable  for  a  wide 
range  of  fabrics  diversified  in  quality,  finish,  and  wearing 
strength.  But  if  clearness  and  distinctness  of  weave  design 
are  essentials  in  the  woven  texture — the  continuous-spun 
yarn  may  be  advantageously  used.  Resembling  in  certain 
features  a  worsted  thread  it  is  adapted  for  this  purpose. 
The  “frame,”  however,  is  chiefly  suitable  for  the  spinning 
of  low  and  medium  counts  of  yarns,  owing  to  the  lesser 
amount  of  drafting  feasible  as  compared  with  spindle 
drafting.  For  example,  yarns  of  10,  15,  and  20  yards  per 
dram  would  be  condensed  to  7,  11,  and  15  yards  per  dram. 
It  is,  however,  a  system  of  high  productive  power,  econ¬ 
omical  as  to  machinery,  and  one  convenient  to  follow. 

The  frames  (Fig.  89)  are  built  in  duplicate.  The  threads 


WOOLLEN  YARN  CONSTRUCTION  177 


from  a  pass  between  rollers,  b,  thence  through  the  wharl 
driven  off  g1.  Some  drafting  takes  place  between  the 
nip  of  rollers  B  and  c.  The  yarn  is  wound  on  to  bob¬ 
bins  by  the  thread  passing  beneath  a  traveller  running- 
round  each  rim  of  the  bobbin  plate  (e,  Fig.  89),  which 
has  an  up  and  down  motion  for  distributing  the  yarn 
evenly  on  the  surface  of  the  bobbin. 

In  a  later  machine  made  by  Sykes  the  wharls,  f  (Fig.. 
90)  are  fixed  horizontally,  and  those  on  each  side  of  the 
machine  are  driven  independently. 

The  passage  of  the  thread  in  this  machine  is  sketched 
in  Fig.  90.  Here  the  slivers  from  the  condenser  bobbins 
pass  between  guide  pins  b,  between  delivering  rollers  c, 
under  guides  d  and  over  d2  to  the  point  e  of  the  wharl  f, 
then  between  draw  rollers  g  and  under  the  traveller  on 
to  the  bobbin  placed  on  the  spindle.  Wharl  f  inserts 
a  degree  of  “false  twist”  (i.e.  twist  which  is  afterwards 
taken  out  between  rollers  g  and  the  rim  traveller)  into  the 
sliver  or  stubbing  during  drafting,  which  takes  place  from 
rollers  G  to  c.  The  functions  of  the  revolvers  d  and  d2  are, 
by  being  in  contact  with  the  slubbing,  to  prevent  the 
“  false  twist  ”  from  running  up  tight  towards  g,  and  to 
preserve  it  in  a  suitable  condition  for  even  drafting. 

All  real  twist,  which  converts  the  slubbing  into  a  sound 
or  true  thread,  is  put  into  the  slivers  by  the  spindle  and 
the  traveller  revolving  on  the  rim  of  plate  e,  Fig.  89. 

62.  The  Tivisting  Frame. — For  the  purpose  of  construct¬ 
ing  folded  or  twist  yarns,  which  are  a  combination  of 
separate  single  yarns  twisted  into  one  compound  thread, 
the  twisting  frame  is  employed.  It  consists  of  the  head- 
stock,  various  sets  of  rollers,  looping  and  knopping  frame, 
and  mechanism  for  driving  the  spindles,  and  the  frame  for 
regulating  the  distribution  of  the  folded  yarn  on  to  the 
bobbin.  Twisting  is  a  supplementary  operation  to  spin¬ 
ning  and  one  that  is  largely  practised  in  both  woollen  and 
worsted  manufacturing  in  the  production  of  ( a )  folded 
yarns — two-,  or  three-ply — and  ( b )  fancy  twist  yarns  in 
various  materials,  counts,  and  structures  (Chap.  V). 

N 
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TABLE  IV 

Productive  Power  of  Machinery  used  in  Woollen 
Yarn  Manufacture 

The  following  data  form  a  general  guide  as  to  the  pro¬ 
ductive  power  of  the  various  machines  employed  in  the 
production  of  woollen  yarns: 

(a)  Wool  Scouring. 

Production 

Varies  from  6,000  to  7,000  lb.  of  greasy  or  dirty  wool 
per  day  of  10  hours. 

The  smaller  weight  represents  greasy  Merino  wool. 

The  yield  of  clean  wool  will  vary  from,  say,  2,500  lb.  to 
6,000  lb. 

Controlling  Factors 
I.  Character  of  Material. 

(a)  Nature  of  the  impurities. 

(b)  Quantities  of  impurities. 

(c)  Openness  or  otherwise  of  the  wool. 

II.  Available  Washing. 

(а)  Length,  capacity,  and  number  of  bowls. 

(б)  Temperature. 

(c)  Detergents. 

(b)  Wool  Drying. 

This  operation  is  necessary  for  all  wools,  except  when 
they  are  to  be  dyed  in  the  same  works,  and  also  long 
coarse  wools  for  worsted  yarns. 

Usually,  the  drying  is  arranged  to  keep  up  to  the 
scouring. 

Production 

Varies  according  to  make  and  style  of  machine.  One  of 
the  best  for  fine  wools  is  the  McNaught  Revolving  Dryer, 
28  feet  in  length,  and  will  treat  4,000  lb.  per  dav. 
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Controlling  Factors 

I.  Character  of  Material. 

( a )  Coarse  or  fine. 

(b)  Open  nature  or  otherwise. 

(c)  Condition  from  scouring  machine. 

II.  Temperature. 

III.  Speed. 

IV.  Degree  of  Dryness  required. 

V.  Size  and  construction  of  machine. 

(c)  Blending  Machines. 

Teazer  or  Willey 

48  inch  machine. 

Production 

Varies,  say,  from  800  to  1,000  lb.  per  hour. 

Controlling  Factors 

I.  Character  of  the  material. 

(a)  Time  the  material  remains  in  the  machine. 

II.  Style  and  construction  of  the  machine. 

III.  Speed. 

Fearnought 

48  inch  machine. 

Production 

Varies  up  to  1,200  lb.  per  hour. 

Controlling  Factors 

I.  Character  of  materials. 

II.  Style  and  construction  of  machine. 

III.  Speed. 

(d)  Sets  oe  Carding  Machines. 

Production 

(On  ordinary  average  sets) 

280  lb.  per  day  on  fine  wools  for  fine  counts. 

500  lb.  per  day  on  coarser  wools  for  medium  and  low 
counts. 

800  lb.  per  day  on  low  materials. 
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Calculations  usually  based  on  the  surface  speed  of  the 
last  doffer  and  the  weight  of  the  web;  or  the  surface 
speed  of  the  winding  drums,  number  of  threads,  and  counts 
of  condensed  thread. 

Controlling  Factors 

I.  Quality  of  material,  and  the  amount  of  carding  it 
will  require.  Its  suitability  for  the  machine  and 
its  condition. 

II.  Amount  of  working  available. 

(a)  Number  of  parts. 

(b)  Sizes  of  rollers,  etc. 

III.  Speed  of  the  machine. 

IV.  Weight  of  feed,  or  ratio  of  feeding. 

V.  Character  and  strength  of  the  Card  Clothing  :  also 
condition. 

(e)  Mule  Spinning. 

_■  Production 

On  coarse  counts:  say,  10  skns. ;  1  lb.  per  spindle  per 
day. 

On  medium  counts  :  say,  20  skns. ;  ^  lb.  per  spindle  per 
day. 

On  fine  counts :  say,  48  skns. ;  \  lb.  per  spindle  per 
day. 

Controlling  Factors 

I.  Number  of  draws  per  minute,  depending  upon  the 
character  of  the  material. 

(a)  Amount  of  twist. 

(/>)  To  a  slight  extent,  amount  of  draft. 

(c)  Speed  of  rim  shaft. 
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WORSTED  YARN  CONSTRUCTION 

63.  The  Term  “Worsted” — 64.  Systems  of  Worsted  Yarn  Manu¬ 
facture — 65.  Preliminary  Processes:  Blending — 66.  Worsted  Carder, 
Burring  Appliances — 67.  Worsted  Carder,  Methods  of  Driving — 
68.  Pai'ticulars  of  Card  Clothing  for  Cross-bred  and  Botany  Wor¬ 
sted  Carders  —  69.  Backwashing — 70.  Gilling — 71.  Combing- — 
72.  Noil  Production — 73.  Nip  and  Square  Motion  Combs  —  74.  Con¬ 
tinental  Worsted  Comb — 75.  Main  Features  of  Rectilinear  Comb — 
76.  Principles  of  Action — 77.  Action  of  the  Rollers,  Nippers,  Upper 
and  Lower  Swords — 78.  Noiliug  and  Burring — 79.  Carded  and 
Combed  Wools — 80.  Processes  of  Drawing:  English  System — 
81.  Drawing  Machines — 82.  Roving—  83.  Worsted  Spinning — 
84.  Continental  System — 85.  French  or  Continental  Drawing — 
86.  Method  of  Treatment  for  a  Blend  of  Wool  and  Cotton  (Worsted 
Yarn)  —  87.  Continental  Worsted  Yarn:  without  Combing  — 
88.  Costing  of  Worsted  Yanis— Productive  Power  of  Machinery 
Used  in  Worsted  Yarn  Manufacture. 

63.  The  term  “  Worsted.  — Wool  from  the  same  fleece, 
or  even  parts  of  the  same  fleece,  may  be  manufactured 
into  either  worsted  or  woollen  yarns.  Strictly  speaking,  it 
is  solely  the  routine  of  mechanical  action  through  which 
the  wool  passes,  from  the  natural  condition  to  the  spun 
thread,  which  makes  the  difference  in  quality,  lustre  and 
structure  of  the  two  types  of  all-wool  yarns.  The  distinc¬ 
tion  is  noted  in  French  by  using  the  terms  laine  cardee  and 
laine  peigne  and  in  German  by  wollen-garn  and  kamm-garn , 
apparently  implying  that  a  worsted  yarn  is  made  of  wool 
which  at  one  stage  of  manufacture  has  been  combed ,  and 
that  a  woollen  yarn  is  obtained  by  carding.  As  regards 
the  woollen,  the  definition  is  essentially  correct ;  but 
combing  is  not  a  necessary  operation  in  the  making  of 
certain  classes  of  worsted  yarns;  and  there  is  no  single 
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process  which  can  be  taken  to  determine  the  structure  of 
a  woollen  or  worsted  thread. 

A  woollen  thread  is  formed  by  mechanical  work  and 
routine — utilizing  all  classes  of  fibres  in  the  raw  material 
— which  separate  filament  from  filament,  and  intermingle, 
and  re-arrange  the  fibres,  so  that  by  twisting  round 
and  over  each  other,  they  are  bound  together  in  con¬ 
tinuous  lengths  of  yarn  of  uniform  density  and  structure 
throughout. 

The  mechanical  treatment  and  routine  in  forming  a 
worsted  thread,  also  separate  filament  from  filament  but 
re-arrange  and  re-group  them  on  a  system  in  which  the 
fibres  are  in  a  line  with  each  other,  so  that  the  continuous 
rounded  lengths  of  yarn,  when  twisted  or  spun,  possess  a 
smooth  and  more  or  less  a  bright  surface  (compare  speci¬ 
mens  1,  2,  3,  4,  and  5  with  specimens  6,  7,  8,  and  9, 
Plates  XXIV  and  XXV). 

Another  feature  to  be  noted  is  the  greater  length  of 
yarn  producible  from  a'  given  quantity  of  wool  prepared 
by  the  worsted  than  the  woollen  scheme  of  manufacture. 
Taking  a  pound  of  clean,  fine  wool  it  might,  by  carding 
and  spinning  on  the  self-actor,  be  made  to  give  from  10,000 
to  12,000  yards  of  yarn;  but  the  same  wool,  prepared  on 
the  worsted  principle,  would  give  from  60,000  to  70,000 
yards  of  spun  thread. 

64.  Systems  of  Worsted  Yarn  Manufacture. — Worsted 
varns  are  made  by  the  following  methods : 

I.  Carding,  backwashing,  drawing,  and  spinning,  e.g ., 
chiefly  carpets  and  hosiery  yarns. 

II.  Carding,  backwashing,  gilling,  combing,  drawing, 
roving,  and  spinning  (cap  or  flyer  frames),  e.g., 
botany  and  cross-bred  yarns  made  from  short  and 
medium-stapled  wools. 

III.  Preparing  by  gill  boxes,  combing,  drawing,  roving, 

and  spinning  (flyer  frame),  e.g.,  long-stapled  wools 
for  lustre  yarns. 

IV.  Continental  system  A.  For  short  and  medium- 

stapled  wools,  the  processes  comprising — carding, 
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backwashing,  combing,  drawing,  with  important 
and  essential  differences  in  the  mechanical  treatment 
of  the  material  from  the  English  systems  for 
straightening  and  levelling  the  fibres  in  drawing 
and  also  in  spinning,  which  is  performed  on  the 
self-actor  and  by  roller  and  not  spindle  drafting. 

V.  Continental  system  B.  F or  the  treatment  of  materials 
without  combing,  the  operations  being — carding, 
drawing,  or  levelling  ( Bobinoir  intermediare  a  frot- 
teur  a  dentelles ),  re-carding  (  Carde  melangeuse ),  re¬ 
drawing,  and  spinning  on  the  ringframe  or  self-actor. 

Each  method  produces  a  yarn  of  distinct  structure  and 
characteristics.  By  the  first  and  simplest  routine  a  yarn  is 
obtained  resembling  in  appearance  a  woollen  thread:  for, 
on  account  of  the  absence  of  combing  from  the  processes 
of  construction,  the  short  and  curly  fibres  remain  in  the 
spun  yarn.  By  the  second  system,  the  typical  botany  and 
cross-bred  yarns  for  coatings,  suitings,  dress  and  costume 
fabrics  are  acquired,  and  should  be  level,  smooth,  and  of 
a  bright  quality.  The  true  lustrous  u  worsted  ”  is  made 
by  the  third  routine  or  gill-box  preparation.  The  Conti¬ 
nental  systems  yield  a  yarn  of  a  full  character  and  soft 
structure.  Whichever  system  of  thread  production  is 
practised,  the  fundamental  principle  is  the  same,  for  in  all 
classes  of  worsted  yarns  the  fibres  are  straightened  and 
arranged  in  the  order  of  parallelism. 

In  worsted  yarn  making,  it  is  not  so  much  a  scheme  of 
opening,  blending,  and  crossing  of  the  fibres,  as  a  system 
of  separation,  drawing  out,  and  re-arrangement  of  the 
fibres  of  the  wool  in  one  common  line  with  each  other.  A 
perfect  mingling  and  grouping  of  the  fibres  is  necessary; 
but,  whereas  the  distinctive  feature  of  woollen-thread 
manufacture  is  that  of  mixing  the  fibres  thoroughly  and 
of  producing  a  level  sliver,  yet,  as  understood,  there  is  no 
definite  system  of  combination  practised,  for  fibres  may 
lay  either  across  or  lengthways  of  the  material;  on  the 
other  hand,  in  worsted-yarn  construction,  in  addition  to 
preparing  a  continuous  ribbon  or  slubbing  of  uniform 
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size,  the  fibres  must  be  straightened  and  brought  into 
parallel  line.  For  example,  by  System  II  of  worsted- 
yarn  manufacture  the  treatment  of  the  wool  comprises : 
(a)  opened  and  separated  but  crossed  and  intermingled  in 
carding;  (b)  the  fibres  straightened,  the  staple  attenuated 
and  levelled  in  gilling;  (c)  short  and  neppy  fibres  ex¬ 
tracted  and  the  straight  and  longer  fibres  laid  parallel  to 
each  other  in  combing;  (d)  an  even  stubbing  of  regular 
size  and  composed  of  straightened  fibres  formed  in  draw¬ 
ing  ;  (e)  a  thick  thread  of  soft,  open  structure  produced  in 
roving;  and  (/)  a  firm,  sound,  bright  yarn  of  a  required 
counts,  made  by  drafting  and  twisting  in  the  process  of 
spinning. 

65.  Preliminary  Processes ,  Blending. — The  preliminary 
processes  of  scouring  and  carding  in  Systems  I,  II,  IY,  and 
V  are  similar  in  principle  and  results  to  those  which  form 
part  of  woollen  yarn  manufacture,  but  worsted  carding  is 
done  in  one  machine,  and  is  but  a  preliminary  opening  and 
levelling  of  the  fibres, -and  differs  in  details  from  the  com¬ 
pound  operations  of  scribbling,  carding,  and  condensing. 

There  are  one  or  two  distinctive  features  of  the  process 
of  blending  for  worsted,  which  require  explanation.  In 
woollen-yarn  making,  blending  is  done  in  teazing  and 
carding,  after  which  little  further  mixing  is  effected.  Con¬ 
densing  simply  divides  the  sheet  of  filaments  into  slivers 
of  corresponding  length  and  thickness,  and  twisting  fol¬ 
lows  without  altering  the  relation  of  the  fibres  to  each 
other  beyond  imparting  a  degree  of  lateral  displacement 
of  the  fibres  by  drafting  in  the  operation  of  spinning. 
But  in  worsted-yarn  construction  (English  systems)  blend¬ 
ing  is  done  after  carding :  in  the  first  place,  by  re-combing 
the  dyed  tops ;  and,  in  the  second  place,  it  is  accom¬ 
plished  in  gilling,  the  process  of  mixing  continuing  in  the 
several  drawing  boxes  employed.  Melangeuse  either  for 
tops  of  different  materials  or  colours,  on  the  Continental 
system,  precedes  drawing,  in  which  the  work  is  completed 
as  on  the  English  principle. 

In  each  of  these  systems  there  is  one  common  feature 
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namely,  the  blending  of  the  fibres  occurs  when  they  are 
in  a  line  with  each  other,  straight  and  regular  in  arrange¬ 
ment  and  grouping,  and  not  when  crossed  and  inter¬ 
mingled  as  in  the  carded  state. 

66.  Worsted  Carder ,  Burring  Appliances  ( Factory  View 
of  Plant  of  Worsted  Carding ,  Plate  XXVI  and  Figs.  93 
and  93a,  Plates  XXVII  and  XXVIII ). — The  worsted 
carder  differs  in  construction  and  in  combination  of  parts 
from  a  woollen  carder,  but  the  operation  is  similar  in  prin¬ 
ciple  in  both  types  of  machine.  The  object  is  to  separate, 
as  in  woollen  carding,  the  fibres  of  the  wool  from  each  other 
and  to  re-arrange  them,  at  the  same  time  removing  burrs 


A 

B 

C 

D 


and  other  foreign  matter,  and  delivering  the  material  in 
one  continuous  ribbon  or  sliver  of  equal  thickness,  fibrous 
density,  and  consistency,  and  weight,  for  a  fixed  length  of 
sliver,  throughout  the  whole  operation. 

An  ordinary  worsted  carder  may  be  mounted  with  four 
takers-in  or  openers,  garnished  with  strong  steel  teeth  in¬ 
creasing  in  fineness  from  one  roller  to  the  other.  The 
speed  of  the  rollers  also  advances  from  the  first  to  the 
last  in  the  set.  Fixed  in  close  proximity  with  the  first 
two  takers-in  are  the  burring  rollers  which  may  be  eight 
or  ten  in  number.  These  are  not  covered  with  card  cloth¬ 
ing  but  with  Garnett  wire  (see  Fig.  94).  Each  burr-roller 
has  a  separate  guard-roller  for  lashing  the  burrs,  seeds, 
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etc.,  out  of  the  material.  On  this  system  the  large  burrs 
are  removed  by  the  first  guard-roller  off  the  front  burring 
cylinder,  the  medium-sized  burrs  by  the  second,  and  the 
broken  burrs  and  seeds  by  the  last  guard-roller. 

Various  mechanical  contrivances  for  burr  crushing  are 
also  employed.  Harmel’s  mechanism,  constructedby  Messrs. 
Platt  Bros.,  consists  of  three  rollers  fixed  between  the 
first  doffer  and  the  second  cylinder.  The  two  small  fluted 
steel  rollers  are  mounted  over  a  larger  roller  with  a  plain 
or  smooth  surface.  They  are  so  adjusted  that  when  the 
wool  passes  between  them,  the  fluted  rollers  break  and 
crush  the  burrs,  making  them  free  to  drop  under  the 
cylinders  during  the  carding  operation.  Such  impurities 
as  escape  being  removed  are  extracted  in  combing. 
Harm  el’s  calendar-delivery  is  for  a  similar  function.  Here 
there  are  two  heavy  rollers.  The  upper  one  fluted  and  the 
lower  one  plain-surfaced,  and  they  extend  about  one-third 
the  width  of  the  card.  By  passing  the  carded  fleece  of  fibres, 
taken  from  the  last  doffer,  under  a  bar,  it  is  diminished  to 
the  width  of  the  crushing  rollers.  In  both  these  appliances, 
the  idea  is  to  crush  the  burrs,  but  the  object  of  the  burr- 
roller  system,  as  explained,  is  to  beat  them  from  the  wool. 

The  carded  material  is  delivered  from  the  last  doffer 
(Figs.  93  and  93a,  Plates  XXVII  and  XXVIII)  into  a 
ean-coiler,  or  on  to  large  bobbins.  It  passes  from  the 
doffing  comb  through  a  funnel  guide,  either  into  the  coder, 
or  on  to  the  bobbin  which,  having  both  a  lateral  and 
rotary  motion,  winds  the  lap  of  fibres  transversely  on  to 
its  surface. 

67.  Worsted  Carder ,  Methods  of  Driving. — The  method 
of  driving  the  various  parts  of  a  worsted  card  is  indicated 
in  Plates  XXVII  and  XXVIII,  Figs.  93  and  93a.  The 
initial  drive  is  off  pulley  a  on  the  main  cylinder,  the  belt 
from  which  passes  over  the  pulley  on  the  shaft  of  the 
third  taker-in,  a  wheel  on  the  same  shaft  imparting  motion 
by  wheel-gearing  to  the  fourth  taker-in,  and  to  the  first 
and  second  by  belt  and  wheel-gearing. 

A  second  belt  passes  round  pulleys  n,  n,  e,  f,  and  g, 


C  0  I  L  E  R 


I 



ELEVATION  OF  DOUBLE  -  CYLINDER 


Blue  dotted  lines 
Red  lines 
Orange  lines 


ORSTED  CARDER 


Chain  drive 
Wheel  gearing 
Belt  drive 


Plate  XXYII. 


Fig  93. 


Martin,  Hood  &Larkin,Lith,London,'W.C . 


PLATT  BROS.  &  CO.,  LTD. 


:levation  of  double -CYLINDER  worsted  carder 


/ 


Blue  dotted  lines 
Red  lines 
Orange  lines 


Chain  drive 
Wheel  gearing 
Belt  drive 




i 



Plate  XXYIII 
Fig.  93a. 


BALLING 


HEAD 


Marti  r  .Kcod  &I^rlua^ttlU.onc3iV.V.L? 


WORSTED  YARN  CONSTRUCTION  191 


driving  the  strippers  and  fancy.  A  third  belt,  round  pul¬ 
ley  c,  drives  the  guard-roller,  g1,  which,  by  other  belts, 
drives  G2,  G3,  and  G4.  Guard-roller,  G7,  is  driven  by  belt 
from  pulley  f. 

Pulley  a1  drives  b1,  which,  by  wheels  cl  and  c2,  turns 
the  first  doffer,  the  second  doffer  being  driven  in  a  similar 
way  oft’  the  second  cylinder.  The  workers  are  chain- 
driven  from  e1  on  the  doffer  shaft.  The  wheel,  f1,  on  this 
shaft,  by  chain  drives  the  lower  divider,  d1,  which  drives  d2 
and  also  d3,  and  n3  drives  d4.  The  upper  dividers  are 
driven  by  the  wheel  on  the  shaft  of  the  first  taker-in. 
Motion  is  given  to  the  balling  head  (Fig.  93,  Plate  XXVII) 
by  wheel-gearing  off  the  doffer-shaft. 

68.  Particulars  of  Card  Clothing  for  Cross-bred  and 
Botany  Worsted  Carders. — The  following  table  contains 
the  data  of  three  typical  sets  of  card  clothing  for  preparing 
wools  for  combing  : 


TABLE  Y 

Sets  op  Card  Clothing  por  A,  Fine  Cross-bred;  B,  Botany;  and 

C,  Fine  Botany  Wools 


A.  Worsted  Card  for  Cross-Bred  Wools. 


2"  fillet 

1st  Taker-in 

Garnetted. 

2"  „ 

2nd  „ 

60’s/6’s 

6  ply  Yul.  I.  R 

2"  „ 

3rd 

80’s/8’s 

5 

ff  if 

2"  „ 

4th 

100’s/IQ’s 

4 

If  ff 

ir  „ 

1st  Divider 

60’s/6’s 

6 

ff  ff 

-*•2  99 

2nd  „ 

80’s/8’s 

5 

ff  ff 

li" 

A  2  99 

3rd  „ 

90’s/10’s 

5 

ff  ff 

w  „ 

4  th 

105’s/lO’s 

4 

ff  ff 

2"  „ 

1st  Cylinder 

110’s/10’s 

4 

ff  if 

li" 
x  o  " 

Three  1st  Workers 

115’s/lO’s 

4 

>>  ff 

1" 

x  ff 

Three  1st  Strippers 

80’s/8’s 

4 

ff  ff 

H"  „ 

1st  Fancy 

60’s/6’s 

4 

ff  ff 

2"  „ 

Mid  Doffer 

115’s/lO’s 

4 

ff  f  f 

1"  „ 

Ang-le  Stripper 

100’s/9’s 

4 

ff  ff 

2"  „ 

Last  Cylinder 

125’s/12’s 

4 

ff  ff 

li" 
x  2  99 

Three  Last  Workers 

130’s/12’s 

4 

if  ff 

1" 

x  ff 

Three  Last  Strippers 

90’s/9’s 

4 

ff  ff 

H"  „ 

Last  Fancy 

70’s/7’s 

4 

ff  ff 

2"  „ 

Last  Doffer 

130’s/12’s 

4 

ff  ff 
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B.  Worsted  Card  for  Botany  Wools. 


2"  fillet 

1st  Taker-in 

Dia.  Pt. 

7  ply  Vul.  I.  R.  Cloth 

2" 

**J  99 

2nd  „ 

90’s/9’s 

5 

>>  99 

0" 

3rd  „ 

lOO’s/lOi’s 

4 

99  9  9 

O" 

^  >> 

4th 

115’s/lO’s 

4 

9  9  9  9 

lA" 

-l  O  J  J 

1st  Divider 

70’s/8’s 

6 

99  99 

lA" 

j-  O  J> 

2nd  „ 

90’s/lO’s 

5 

99  99 

]A" 

X  2  ’  9 

3rd  „ 

110’s/10’s 

4 

99  9  9 

]A" 

2  JJ 

4tli  „ 

120’s/lO’s 

4 

9  9  99 

9" 

1st  Cylinder 

130’s/12’s 

4 

9  9  99 

ir  „ 

1st  Worker 

135’s/12’s 

4 

9  9  99 

H"  „ 

2nd  and  3rd  Workers 

140’s/12’s 

4 

9  9  9  9 

1"  „ 

Three  1st  Strippers 

110’s/10’s 

4 

9  9  9  9 

li" 

x  2  99 

1st  Fancy 

70’s/7’s 

4 

9  9  9  9 

9" 

•“*  99 

Mid  Doffer 

140’s/12’s 

4 

9  9  9  9 

1" 

X  99 

Angle  Stripper 

110’s/lO’s 

4 

99  9  9 

2" 

9  9 

Last  Cylinder 

145’s/13Fs 

4 

9  9  9  9 

IV  „ 

4th  Worker 

150’s/13|’s 

4 

9  9  99 

H"  „ 

5th  and  6th  Workers 

155’s/14’s 

4 

9  9  9  9 

1" 

1  » 

Three  Last  Strippers 

115’s/lO’s 

4 

99  99 

li" 

Last  Fancy 

80’s/8’s 

4 

9  9  9  9 

9" 

*  99 

Last  Doffer 

155’s/14’s 

J4 

9  9  99 

C.  Worsted  Card  for  Fine  Botany  Wools.'1 

2"  fillet 

1st  Taker-in  -7 

Dia.  Pt. 

7  ply  Vul.  Cloth  I.  R. 

2" 

5  J 

2nd 

90’s/9’s 

5 

99  99 

9" 

3rd 

100’s/10’s 

4 

9  9  99 

9" 

^  >> 

4th  „ 

120’s/lO’s 

4 

9  9  9  9 

1A" 

x  2  »> 

1st  Divider 

70’s/7’s 

6 

99  99 

H"  „ 

2nd  „ 

90’s/9’s 

5 

9  9  9  9 

A"  „ 

3rd 

115’s/lO’s 

4 

9  9  99 

i|"  „ 

4th 

120’s/lO’s 

4 

9  9  99 

2‘  „ 

1st  Cylinder 

130’s/12’s 

4 

99  99 

H"  „ 

1st  Worker 

135’s/12’s 

4 

99  9  9 

li" 

x  2  99 

2nd  and  3rd  Workers 

140’s/12’s 

4 

99  9  9 

1" 

x  99 

Three  1st  Strippers 

110’s/10’s 

4 

99  9  9 

11" 
x  2  99 

1st  Fancy 

70’s/7’s 

4 

99  99 

2" 

*“  > » 

Mid  Doffer 

140’s/12’s 

4 

99  99 

1" 

X  99 

Angle  Stripper 

120’s/lO’s 

4 

99  99 

9" 

"  99 

Last  Cylinder 

150’s/13i’s 

4 

9  9  9  9 

H"  „ 

Three  Last  Workers 

155’s/14rs 

4 

9  9  9  9 

i"  „ 

Three  Last  Strippers 

115’s/lO’s 

4 

99  99 

ii" 

x  2  99 

Last  Fancy 

80’s/8’s 

4 

99  ?» 

9" 

J  9 

Last  Doffer 

160’s/14’s 

4 

99  9  9 

1  Tlnee  or  four  ply  cloth  may  be  used  for  150’s  and  155’s. 

2  In  the 

latter  part  of  the  set  the 

“counts”  may,  if 

required,  he  increased 

0 


FIG.  95.  WHITEHEAD  AND  LEYLAND’s  BACKWASHER. 
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69.  Backwashmg. — After  carding,  the  material  is  ready 
for  those  processes  which  belong  strictly  to  worsted 
yarn  manufacture,  namely,  backwashing,  combing,  filling, 
drawing,  roving  and  spinning  on  the  cap  or  flyer-frame. 
Backwashing  is  the  first  of  these  processes.  The  material, 
as  it  leaves  the  carder,  may  be  somewhat  discoloured  by 
the  oil  applied  to  facilitate  its  passage  through  the  machine, 
and  also  contains  some  dirty  matter.  It  is  necessary  before 
combing,  to  remove  such  impurities,  and  thoroughly  cleanse 
the  cardings.  This  is  done  in  the  backwashing  machine 
(Fig.  95),  to  which  is  attached  a  double  screw  gill  balling- 
head.  The  machine  consists  of  a  couple  of  cleansing  bowls, 
a,  a1,  each  of  which  possesses  a  pair  of  immersing  rollers, 
c,  c1  (Fig.  95a),  and  a  pair  of  squeezing  rollers,  d,  d1,  of  a 
series  of  drying  cylinders,  d  c  (Figs.  95,  95a),  and  of  the 
gilling  and  balling  apparatus.  The  carded  laps — some  24 — - 
are  directed  between  the  guide  to  the  first  bowl,  between 
the  “  immersers,”  to  the  squeezing  rollers,  d,  leaving  which, 
the  material  enters  the  second  bowl,  where  the  process  of 
immersing  is  repeated,  and  the  scour  completely  pressed 
out  of  the  slivers  by  passing  between  the  second  pair  of 
squeezing  rollers,  d1.  A  washing  or  scouring  soap,  without 
any  excess  of  alkali,  is  used  in  the  first  bowl,  the  standard 
temperature  of  the  scour  being  110  degrees.  After  using 
it  is  run  to  waste,  and  the  solution  from  the  second  is 
conveyed  into  the  first  bowl,  and  renewed  as  required 
with  the  scouring  ingredients  employed.  If  the  sliver 
should  be  tinged  yellow,  a  “blueing”  or  “tinting”  solu¬ 
tion  to  improve  the  whiteness  of  the  wool  is  added  in 
the  second  bowl,  which  is  chiefly  utilized  for  rinsing- 
purposes. 

In  the  old  type  of  the  backwasher,  the  carded  slivers 
from  bowl  a1,  Fig.  95a,  after  passing  between  squeezing 
rollers  d1,  were  taken  round  drying  cylinders  heated  with 
steam.  This  was  a  defective  system  for  three  reasons; 
first,  it  scorched  the  material  nearest  to  the  surface  of  the 
cylinder  and  resulted  in  irregular  drying;  and  second,  it 
left  the  material  harsh  and  in  a  more  or  less  unsatisfactory 
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condition  for  gilling;  and  third,  it  had  a  tendency  to  dis¬ 
colour  the  wool. 

On  the  modern  machine  (Fig.  95,  Plate  XXIX)  the 
drying  cylinders  are  in  an  enclosed  chamber.  The  cylin¬ 
ders  are  some  seven  in  number,  and  twenty-four  inches  in 
diameter,  with  twenty-five  and  a  half  inches  width  of  dry¬ 
ing  surface,  and  made  of  brass  and  perforated.  Hot  air 
is  generated  from  a  series  of  upright  steam  pipes  placed 
between  the  two  frame  sides  and  along  the  rear  portion 
of  the  machine.  It  is  circulated  through  the  cylinders  by 
the  fan  shown  which  makes  some  1,600  revolutions  per 
minute.  Such  portions  of  the  cylinders  not  covered  by 
the  slivers  being  dried,  are  suitably  incased,  effectually 
preventing  the  heated  air  escaping  through  the  perforations 
of  the  cylinder  without  passing  through  the  wool. 

To  effect  economy  in  utilization  of  the  hot  air  generated, 
the  moisture  given  off  in  drying  is  carried  away  by  the 
pipes  m  connected  with  a  sliding  valve  for  regulating  the 
degree  of  dampness. 

Leaving  the  last  drying  roller,  the  backwashed  material 
is  conveyed  to  the  screw  gill  balling  head,  and  delivered 
in  two  slivers  on  to  two  balls. 

Backwashing  on  this  mechanical  system,  namely,  drying 
at  a  low  temperature  and  forcing  the  heated  air  through 
the  slivers  as  described,  results  in  a  better  condition  of  the 
wool,  with  the  colour  purer  and  not  impaired,  and  the 
lustre  improved. 

70.  Gilling  ( for  Factory  View  of  Gilling  Machinery ,  see 
Plate  XXX). — The  object  of  this  process  is  to  straighten 
the  fibres,  draw  out  and  level  the  carding  (Method  II, 
page  182),  and  prepare  the  material  for  the  combing 
machine.  In  the  treatment  of  long  wools  (Method  III) 
it  is  the  process  which  results  in  arranging  the  fibres  of 
the  wool,  without  other  preparatory  mechanical  operations, 
in  a  suitable  condition  for  the  comb. 

A  set  of  preparing  boxes  for  Lincoln,  Leicester,  and 
similar  classes  of  wool,  comprises  five  or  six  machines  simi¬ 
lar  to  each  other  in  construction,  and  also  in  principle  of 
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operation,  the  lap  of  fibres  resulting  from  first  gilling 
after  being  passed  through  the  second  box,  is  delivered 
in  a  lap  condition.  In  the  third  box,  a  change  is  made 
in  the  mode  of  delivery.  The  gilled  material  is  passed 
through  a  metal  oval  piece  and  then  between  a  pair  of 
smooth  pressure  rollers  to  be  delivered  in  the  sliver  form 
into  cans.  Some  six  of  such  cans  are  placed  behind  the 
fourth  box,  and  the  six  slivers  drawn  out  to  approximately 


Fig.  96.  Single-headed  Can  Gill-Box. 


the  thickness  of  one  of  the  series.  A  like  number  is  simi¬ 
larly  re-draftecl  and  reduced  in  the  fifth  box,  and  the  pro¬ 
cess  repeated  in  the  next  box  or  the  sixth  operation.  It 
will  be  evident  that  this  frequent  combination  and  draw¬ 
ing  out  of  the  material  must  produce  a  level  and  uniform 
band  or  sliver  of  straightened  fibres  of  a  suitable  character 
and  composition  for  the  process  of  combing. 

For  short  staple  wools ,  fine  merinos,  and  cross-breds, 
gilling  is  practised  both  before  and  after  combing. 
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Attached  to  the  backwasher  is  a  gill-box  capable  of  de¬ 
livering  the  slivers  either  on  four  balls  or  into  four  cans, 
and  made  with  two  sets  of  faller  screws.  F  ollowing  this 
levelling  treatment  the  balls  of  backwashed,  cardings  or 
slivers  are  passed  through  a  pair  of  gill  boxes,  known  as 
preparers  or  intermediates,  being  used  between  back- 
washing  and  combing.  One  such  gill-box,  with  one  set  of 
screws,  is  equivalent  in  turn  out  to  four  Noble’s  combs, 
each  of  which,  on  tine  wool,  has  a  productive  power  of 
375  to  420  lb.  of  combed,  top  per  day  of  10  hours.  If  the 
preparers  are  mounted  with  two  sets  of  screws  and  fallers 
they  are  capable  of  maintaining  the  running  of  six  combs. 

The  essential  parts  of  a  gill-box  are  the  receiving  and 


delivery  rollers  r  and  R1  (Fig.  96) ;  the  fallers,  mounted 
with  the  gill  pins,  and  the  upper  and  lower  screws,  s  and  s1 
(Fig.  96a),  on  which  the  fallers  travel  from  one  end  of  the 
box  to  the  other  alternately. 

Fig.  96  is  a  view  of  a  single-head  can  gill-box.  Rollers  r 
first  receive  the  wool,  which  is  forcibly  drawn  through 
the  pins  of  the  fallers  by  the  more  rapidly  revolving  de¬ 
livery  rollers  r1.  In  addition  the  fallers  are  carried  forward 
on  the  upper  screws  s  (Fig.  96a)  at  a  quicker  rate  than 
the  slivers  are  delivered  into  the  box  by  the  front  rollers  r. 
Reaching  the  end  of  the  traverse  the  fallers  are  auto¬ 
matically  operated  upon  by  cams  which  knock  them  on  to 
the  lower  screws  s1,  moving  to  the  end  of  which — or  the 
feed  end  of  the  box — -they  are  automatically  replaced  on 
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the  upper  screws  by  cams  c1.  The  lower  screws  are 
coarser  in  pitch  than  the  upper  set,  usually  in  the  pre¬ 
parers,  on  fine  wool,  fourteen  fallers  on  the  top  screws  to 
seven  fallers  on  the  bottom  screws,  each  with  two  rows  of 
pins  (gp,  Fig.  96a)  and  ten  pins  per  inch.  After  combing, 
such  a  gill-box  in  preparing  the  top  slivers  for  drawing, 
might  be  mounted  with  sixteen  fallers  up  and  eight  down, 
with  two  rows  of  pins  sixteen  per  inch.  Necessarily,  when 
the  fallers  are  moving  on  the  top  pair  of  screws,  the  slivers 
are  drafted  and  straightened  by  the  difference  in  the  speeds 
of  the  two  sets  of  rollers  r  and  R1  (Fig.  96),  and  by  being 


■SLIVER. 


Fig.  97. 

drawn  between  the  gill  pins  (Fig.  96a),  but  their  action 
is  suspended  as  they  return  to  the  receiving  end  of  the 
box  on  screws  s1. 

In  ordinary  gilling  and  drawing  boxes  the  pressure  on 
the  drafting  or  fluted  rollers  may  be  regulated  by  hand 
screws,  e  e1,  and  on  the  feed  or  drawing  in  rollers  by  the 
hand  screws  f  (Fig.  96). 

In  the  Offerman  and  Prince  Smith  (0.  P.  S.)  gill  box 
each  faller  consists  of  two  rows  of  pins  of  different  heights. 
The  front  row  is  round  pins  and  of  a  similar  size  to  those 
in  an  ordinary  Intersecting  Gill,  but  the  back  row  of  pins 
is  flat,  offering  the  same  degree  of  resistance  to  the  pas¬ 
sage  of  the  wool  as  the  shorter  pins  of  the  front  row.  The 
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difference  between  the  two  sets  of  pins  is  about  equal  in 
thickness  to  the  ribbon  or  sliver  of  wool  as  it  approaches 
the  nip  of  the  rollers,  r,  r1. 

In  the  first  sectional  drawing  of  this  description  of  gill- 
box  (Fig.  97),  the  wool  is  shown  as  passing  through  both 
series  of  pins  of  the  complete  set  of  upper  fallers  ;  in  the 
second  drawing  (Fig.  97a),  the  front  faller,  f1,  has  dropped 
on  to  the  first  step  taking  the  shorter  row  of  pins  out  of 
the  wool,  and  leaving  the  longer  pins  in  action;  in  fig. 
97 b  f1  has  advanced  towards  r,  r1,  the  longer  pins  still 
remaining  in  the  wool  and  following  the  line  of  the  sliver. 


SLIVER. 


Fig.  97 b  shows  f1  reaching  the  end  of  its  traverse,  the 
pins  being  in  close  proximity  with  the  rollers  and  the 
faller  about  to  drop  on  to  the  lower  screw  and  allow  of  f2 
taking  its  place. 

This  system  of  gilling  is  said  to  have  mechanical  ad¬ 
vantages  over  the  ordinary  system,  reducing  the  per¬ 
centage  of  noil  waste  in  combing,  and  giving  increased 
production,  combined  with  a  more  satisfactory  levelling 
of  the  slivers. 

71.  Combing. — There  is  a  twofold  object  to  be  attained 
in  combing,  first,  to  thoroughly  adjust  the  fibre  in  parallel 
form;  and,  second,  to  remove  the  short,  curly  filament 
present  in  the  wool.  Gilling  produces  a  fairly  level  ribbon, 
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but  it  is  composed  of  crimpy  and  straight,  and  also  of 
short,  curly  fibres.  “  Neppy  ”  and  wavy  filaments,  until 
straightened,  are  unsuitable  for  worsted  yarn  construction. 
Hence  the  material  in  the  combing  operation  is  divided  into 
two  classes,  the  levelled  and  parallelised  fibres  forming  the 
“  top  ”  or  “  combing  ” ;  and  the  “  neppy  ”  fibres  composing 
the  “  noil.”  By  gilling  a  level  ribbon  of  wool  is  obtained,  but 
to  form  the  basis  of  a  smooth,  lustrous,  worsted  thread, 
something  more  is  essential — such  fibres  as  escape  or  resist 
the  action  of  the  gill-pins,  and  the  straightening  effect  of 
the  pins  of  the  combs  must  be  extracted,  consequently  one 


of  the  main  functions  of  the  combing  machine  is  that  of 
separating  the  short,  neppy  and  minute  curly  clusters  of 
fibres  from  those  which  in  the  operation  are  arranged  in  a 
straight  and  regular  line  with  the  length  of  the  sliver  or 
“  top  ”  produced. 

Combing  Machines  {Plate  XXXI,  sectional  drawing  of 
Noble1  s  Comb ,  and  Plate  XXXI I,  Factory  View  of  Plant 
of  Combing  Machinery. —  The  principal  types  are  the 
“circular,”  the  “nip,’’  and  the  “square  motion.”  On  the 
Continent  the  “rectilinear”  comb,  constructed  on  the 
principle  of  the  mechanism  invented  by  Heilman,  and 
used  in  cotton  combing,  is  preferred,  being  better  adapted 
for  the  treatment  of  short  wools  from  about  an  inch  in 
length  than  machines  of  the  English  construction. 


P  u 


Fig.  98.  Sections 


Messrs.  Taylor  Wordsworth  <fc  Co.,  Ltcl. 


Noble’s  Comb. 
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The  circular  or  Noble’s  comb  is  the  most  extensively 
employed  in  preparing  short  and  medium  staple  wools  by 
English  combers.  The  ribbons  or  slivers  of  wool  from  the 
second  gill-box  are  wound  on  bobbins  in  fours  on  the  ball¬ 
ing  machine.  Eighteen  bobbins  are  placed  in  the  circular 
creel,  c,  of  the  comb,  Fig.  98,  Plate  XXXI,  and  rest  on 
rollers,  a  and  b,  the  former  being  positively  driven  and 
turning  the  bobbins  by  friction,  giving  oft'  the  same  length 
of  sliver  to  each  revolution  of  the  circular  frame  or  creel 
in  which  they  are  fixed.  Each  of  the  four  slivers  on  the 
bobbins  is  passed  through  a  separate  feed  box,  e,  Figs.  98 
and  100.  All  the  boxes  are  of  the  same  dimensions,  and 
so  constructed  that  they  are  open  at  the  back,  being 
hinged  to  allow  the  lids  to  compress  or  nip  the  slivers  and 
prevent  them  falling  backwards. 

The  machine  is  driven  off  the  pulley,  p,  Fig.  98,  keyed 
on  to  the  centre  of  the  horizontal  shaft,  s.  By  bevel 
wheel  gearing  motion  is  imparted  to  the  two  upright 
shafts,  m,  m  ,  which,  by  ordinary  wheel  gearing,  Figs.  98 
and  99,  communicates  motion  to  the  various  parts  of  the 
comb.  Wheels  20,  on  shafts  m  and  m1,  Fig.  99,  are  the 
draft  change  wheels,  and  effect :  (1)  the  driving  of  the  large 
circle  gearing  with  intermediates  42,  carriers  50,  mounted 
with  driver  10,  gearing  with  the  large  circle  wheel  264; 
and  (2)  the  driving  of  the  small  circle  gearing  with  inter¬ 
mediates  42,  carriers  50,  mounted  with  drivers  13,  inter¬ 
mediates  16,  with  driver  12,  gearing  with  the  small  circle 
wheels  80.  Wheels  48  effect  the  driving;  of  the  drawing- 
off  rollers  through  intermediates  80  and  72,  the  latter 
driving  the  wheel  40  on  each  of  the  drawing-off  roller 
shafts. 

The  dabbing  brushes,  f,  f1,  Fig.  98,  Plate  XXXI,  are 
controlled  by  eccentric  mechanism  driven  by  straps  pass¬ 
ing  round  pulleys,  p2  and  p4,  and  p3  and  p5.  They  rise  and 
fall  alternately,  operating  at  a  high  speed,  and  may  make 
up  to  1,000  strokes  per  minute.  In  Scriven’s  invention 
steel  pressure  blades,  id,  Figs.  100  and  102,  are  employed 
fixed  between  the  combs  of  the  two  circles,  and  also  a  pair 
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of  metal  pieces,  k2,  for  guiding  the  material  under  the 
blades,  which  are  operated  rapidly  up  and  down,  but  not 
lifted  out  of  the  combs.  The  object  in  both  types  of  me¬ 
chanism  is  the  same,  namely,  to  effectually  press  the  wool 
between  the  teeth  of  the  comb  of  both  the  large  and 
small  circles. 

The  interior  of  the  machine,  Figs.  98  and  99,  where  the 


actual  combing  is  done,  consists  of  three  circular  combs 
and  of  a  number  of  vertical  drawing-off  rollers.  The 
large  or  main  circle  is  48  or  60'/,  and  the  small  circles 
are  16  or  20"  in  diameter.  The  three  combs — underneath 
which  is  a  steam  chest  to  heat  the  wool  and  facilitate 
combing — along  with  the  creel,  boxes  and  bobbins,  re¬ 
volve  together  and  in  the  same  direction,  The  wool  is,  in 
the  first  place,  combed  by  being  stretched  between  the 
pins  of  the  main  and  small  combs,  and,  in  the  second 
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place,  by  being  drawn  through  the  pins  of  the  combs  of 
the  two  circles  by  the  drawing-off  rollers. 

The  material  is  drawn  into  the  machine  from  the  feed 
boxes  at  the  points  where  the  large  and  small  combs  are 


JcL.-. 


Fig.  100. 


Fig.  101. 


A  c 


Fig.  102. 

Sectional  Views,  Noble’s  Comb. 

nearest  to  each  other,  and  is  immediately  pressed  between 
the  pins  of  each  circle  by  the  dabbing  brushes,  f  and  f1, 
Fig.  98.  Both  combs  carry  off  a  part  of  the  wool  received. 
As  the  space  between  them  increases  the  fibres  are  gradu¬ 
ally  straightened,  F igs.  101  and  102, by  the  combing  process 
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of  the  two  contending  circles.  In  the  case  of  the  main 
comb  the  wool  forms  a  continuous  fringe  on  the  inner 
edge,  but  in  that  of  the  smaller  combs  it  hangs  on  the 
outer  edge.  Operating  on  the  stretched  filaments,  and  for 
directing  the  fibres  as  they  are  thus  drawn  out  or  ex¬ 
tended  between  the  combs  of  the  two  circles,  is  the 
stroker  or  divider ,  a,  Fig.  102,  a  revolving  part  with  pro¬ 
jecting  adjustable  pointed  pieces.  The  action  of  a  is  to 
equalize  the  lengths  of  fibres  removed  by  each  comb, 
dividing  the  material  at  a  point  equi-distant  from  the  pins 
of  the  large  and  small  circle.  It  also  facilitates  the  function 
of  the  drawing-off  rollers,  re1  and  r2  r3,  Figs.  98  and 
99,  by  stroking  the  fibres  downwards  and  preventing 
them  from  projecting  irregularly  from  the  combs.  The 
material  hanging  on  the  inside  of  the  large  comb,  along 
with  the  fibres  on  the  outside  of  the  small  combs,  form 
the  “  top,”  and  the  short  filaments  remaining  in  the  small 
circles  are  removed  by  steel  blades  or  knives,  and  constitute 
the  “  noil.” 

The  routine  of  the  process  may  be  followed  by  refer¬ 
ence  to  Figs.  98  to  103.  Fig.  103  is  a  section  of  the  large 
circle  showing  one  pair  of  drawing-off  rollers,  r,  r1. 
The  opposite  side  of  the  comb,  and  each  small  circle 
also  possesses  a  similar  pair  of  rollers.  Each  pair  of 
rollers  is  set  in  close  proximity  to  the  combs,  and  draws 
off  the  fringe  of  fibres  as  it  is  formed  between  the  combs 
of  the  two  circles.  The  strap,  s,  one  for  each  pair  of 
drawing-off  rollers,  guides  the  fringe  of  combed  fibres  to 
the  nip  of  the  rollers  to  be  combined  with  the  second 
sliver  from  the  opposite  side  of  the  circles,  and  also  with 
the  two  combings  from  the  small  circles.  The  fibres  re¬ 
maining  in  the  combs  after  passing  r  r1,  Fig.  103,  are 
lifted  out  by  knives  set  between  the  pins,  passed  over  a 
surface  plate,  to  be  again  forced  betwixt  the  pins  of  both 
circles.  As  the  circle,  c,  revolves,  the  parts,  k1,  Fig.  102, 
lift  the  wool  not  drawn  off  by  R  r1  out  of  the  comb,  when 
it  is  conveyed  by  the  revolving  circle  over  the  surface  plate, 
f,  Fig.  100,  fixed  in  front  of  each  dabbing  brush,  to  be 
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replaced  with  a  supplementary  length  of  slivers  drawn  at 
this  juncture  into  the  machine,  on  the  combs  of  the  re¬ 
spective  circles.  By  this  arrangement  the  large  circle  is 
twice  cleared  at  each  revolution  (once  immediately  before 
it  reaches  each  dabbing  brush),  and  a  fresh  supply  of  wool 
is  also  fed  to  the  combs.  This  is  etfected  by  the  feed 
boxes,  b,  Figs.  98,  100,  and  101,  revolving  on  an  inclined 
plane  at  definite  points  in  the  circumference  of  the  large 


Big.  103. 


circle,  causing  them  to  attain  a  level  with  the  top  of  the 
pins  in  the  comb  when  approaching  the  position  of  the  dab¬ 
bing  brushes;  and,  as  the  surface  plate  over  -which  the 
material  glides,  after  being  lifted  out  of  the  combs  by  the 
knives,  k1,  Fig.  102,  is  fixed  just  in  front  of  the  dabbing 
brushes,  the  respective  movements  of  the  circle  draws  the 
slivers  of  the  bobbins,  d,  in  the  creel,  c,  Fig.  98,  into  the 
machine.  The  feed  boxes  on  passing  the  point  of  contact 
of  the  two  circles,  e,  Fig.  101,  drop  with  the  delivering 
end  below  the  top  of  the  pins  of  the  comb,  causing  the 
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fibres  to  be  well  embedded  in  the  teeth  during  the  removing 
of  the  combings  from  the  large  circle  by  the  drawing-off 
rollers. 

The  four  combings — two  from  the  large  circle  at  points 
r  and  r1  (Fig.  99)  ;  and  two  from  the  small  circle  at  points 
r2  and  r3,  are  combined  and  pass  through  the  tube  to  the 
can  coder  or  delivery  section  of  the  machine. 

72.  Noil  Production. — Having  followed  the  combing 
and  the  delivery  of  the  “  top,”  the  method  of  removing 
the  “noil”  may  be  examined.  This  is  collected  in  the 
small  circles — the  clearing  of  the  material  from  the  large 
comb  each  time  it  revolves,  preventing  any  accumulation 
of  uncombed  neppy  fibre  in  the  pins — and  consists  of  the 
material  escaping  the  action  of  rollers,  r2,  r3,  Fig.  98, 
Plate  XXXI.  As  the  circles  pass  these  rollers  all  the 
short,  curly,  rolled  filaments  are  lifted  out  of  the  pins  by 
the  steel  blades  set  between  the  circular  rows  of  pins,  and 
drop  into  a  can  for  the  purpose. 

The  relative  percentage  of  “  top  ”  to  “  noil  ”  is  an  im¬ 
portant  factor.  In  Botany  wool  combing  the  averages  are 
from  15  to  30  per  cent.,  and  in  cross-bred  wool  from  5  to 
7-|  per  cent.  It  is  regulated  by  the  setting  of  the  drawing- 
off  rollers.  Too  keen  or  close  setting,  which  removes  a 
maximum  quantity  of  top  to  noil,  may  be  detrimental  to 
the  production  of  a  clean,  bright  top,  for  when  the  adjust¬ 
ment  is  too  fine  the  rollers  are  apt  to  clear  a  percentage  of 
imperfectly  combed  wool  from  the  pins.  The  closeness  of 
the  setting  of  the  rollers  to  the  combs  is  therefore  deter¬ 
mined  in  relation  to  the  class  of  wool  treated,  its  condition 
after  gilling,  and  the  quality  of  top  required. 

73.  Nip  and  Square  Motion  Combs. — These  are  two 
standard  machines.  The  “  nip  ”  is  the  more  suitable  comb 
for  long  or  lustre  wools,  but  the  square  motion  comb,  like 
the  Noble  and  rectilinear  machines,  is  used  for  fine  Botany 
wools.  Each  machine  may  be  briefly  described.  Com¬ 
mencing  with  the  “  nip  ”  comb — so-called  on  account  of 
the  employment  of  two  metal  plates  or  jaws  which  close 
together  or  nip  the  material  when  drawing  it  from  the 
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fallers — it  consists  of  two  distinct  sections  or  parts;  first, 
an  ordinary  screw  gill-box  to  which  is  attached  the  nip 
mechanism ;  and,  second,  the  circular  comb.  The  front 
part  of  the  machine  resembles  in  its  main  features  the  gill- 
box  already  treated  of.  In  this  case,  however,  the  wool  is 
pressed  between  the  teeth  of  the  fallers  by  the  action  of  a 
dabbing  brush.  On  the  material  clearing  the  last  faller 
it  is  taken  up  by  the  nip,  which  forcibly  draws  it  through 
the  gill-pins,  stretching  and  combing  the  fibres  in  the 
operation.  The  wool  is  now  delivered  to  the  carrier  comb, 
which  passes  it  on  to  the  main  circle,  a  second  dabbing 
brush  coming  into  operation.  Drawing-off  rollers  gather 
the  combed  fibres  off  this  comb  and  convey  it  to  the 
delivery  part  of  the  machine.  The  wool  in  this  routine  is 
submitted  to  four  separate  combings:  First,  between  the 
fallers  and  the  nip;  second,  between  the  nip  and  the 
carrier  comb;  third,  betAveen  the  carrier  and  the  main 
comb  ;  and,  fourth,  betAveen  the  latter  and  the  draAving-off 
rollers.  The  noil  fibre  remaining  in  the  comb  after  pass¬ 
ing  the  draAAfing-off  rollers  is  cleared  by  steel  knives  fixed 
as  in  the  Noble’s  machine. 

In  the  Holden  or  Square  Motion  machine  the  material  is 
carried  to  the  comb  by  a  pair  of  feed  rollers  Avhich  oscillate 
backwards  and  forAvards.  In  the  forward  position  the 
rollers  distribute  a  portion  of  the  avooI  on  the  comb  and 
then  recede,  drawing  or  combing  out  the  fibres.  The  avooI 
remaining  on  the  inner  side  of  the  comb  constitutes  the 
noil.  As  the  feed  rollers  keep  up  a  constant  supply  of 
wool  to  the  comb,  part  of  the  fibres  hang  loosely  from  the 
pins  over  the  outer  edge  of  the  circle.  In  this  condition 
they  are  carried  forward  to  the  square  motion,  consisting 
of  a  set  of  arc-shaped  fallers  to  coincide  Avith  the  convex 
form  of  the  comb.  Each  of  the  fallers,  as  it  rises,  carries 
off  a  portion  of  the  fibrous  fringe  collected  on  the  edge  of 
the  comb.  Any  noil  retained  in  the  fallers,  after  the 
combings  haATe  been  removed  by  the  drawing-off  rollers, 
is  extracted  by  the  action  of  a  small  comb  which  is  in¬ 
serted  between  the  gill-pins  as  the  fallers  are  loAverecl. 
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The  points  at  which  combing  is  effected  on  this  principle 
are:  (a)  between  the  feed  rollers  and  the  main  comb; 
( b )  between  the  main  comb  and  the  fallers;  and  (c)  between 
the  latter  and  the  stripping  rollers. 

74.  Continental  Worsted  Comb. — As  stated  in  Para¬ 
graph  71  this  comb  is  of  the  Heilman  or  rectilinear  type. 
It  has  a  combing  surface  of  12|-"  in  width,  with  a  pro¬ 
ductive  power  varying  from  13|-  to  294  lb.  per  hour 
according  to  the  quality  of  wool  treated.  The  machine, 
including  the  creel  (when  used),  occupies  a  floor  space  of 
approximately  5'  x  10',  has  a  speed  equal  to  95  to  100 
“combings”  per  minute,  or  265  to  275  revolutions  of  the 
driving  pulley,  and  requires -g-  H.P.  for  driving.  From  the 
engraving — Fig.  104 — which  is  a  general  view  of  the 
comb  with  the  slivers  drawn  from  cans  instead  of  bobbins 
in  a  vertical  creel,  it  will  be  noticed  this  type  of  machine 
is  compact  and  neat  in  construction  and  design,  the  work¬ 
ing  parts  being  grouped  in  a  manner  to  secure  economy 
of  mechanism  and  efficiency  of  running. 

75.  Mam  Features  of  Rectilinear  Comb. — The  main 
features  of  the  comb  are  shown  in  Figs.  105,  107,  and 
110,  and  comprise: 

(1)  Idle  feed  rollers,  s  s1,  rotating  intermittently,  Fig. 

107. 

(2)  The  feed  gills,  d,  Figs.  105  and  107. 

(3)  The  upper  or  vertical  comb,  w,  Fig.  107. 

(4)  The  circular  or  revolving  comb,  b,  Figs.  105  and 

110. 

(5)  The  nippers,  c,  for  gripping  the  sliver,  Figs.  105 

and  107. 

(6)  The  drawing-off' rollers,  G,  g1,  Fig.  107. 

(7)  The  noiling  and  clearing  mechanism,  Fig.  110. 

Other  parts  and  motions  of  the  machine  are  sketched 

in  Figs.  106,  108,  and  109.  Thus  Fig.  108  is  a  section  of 
the  revolving  comb  showing  the  nipper,  c,  with  brush 
attachment,  and  also  the  dabbing  blade,  s,  on  lever  l, 
and  its  setting  in  relation  to  the  pins  of  the  comb ;  Fig.  106 
gives  the  correct  line  of  the  material  from  the  feed  gills, 
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d,  to  the  rollers,  g,  g1;  and  Fig.  109  is  the  toothed  seg¬ 
ment  for  turning  the  drawing-off'  rollers,  and  for  the 
recoil  (recid)  or  backward  movement  immediately  after 
placing  on  the  delivery  table  of  the  machine  the  portion 
of  combed  fibres  last  removed  by  the  rollers  from  the 
pins  of  comb,  w,  Fig.  107,  The  length  of  sliver,  carried  off 


Fig.  104.  Rectilinear  or  Continental  Comb  (Messrs.  Prince  Smith  and  Son, 

Keighley). 


by  the  rollers  at  each  nip,  is  determined  by  the  position  of 
the  stud,  q,  in  the  slot,  Fig.  109.  If  placed  in  the  hole,  5, 
it  would  obviously  impart  the  greatest  movement  to  the 
rack  gear,  and  therefore  to  roller,  G,  the  pinion  of  which 
meshes  with  this  rack;  but  if  the  stud  is  fixed  at  posi¬ 
tion  1  the  least  traverse  would  be  effected  to  the  rollers. 
Therefore  for  medium  wools,  Q  is  fixed  at  points  5  and  4, 
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for  short  wools  at  points  1  and  2,  and  for  ordinary  classes 
of  wools  at  point  3. 

The  “  recoil  ”  or  return  action  is  obtained  by  the  toothed 
section,  a,  a1,  of  the  rack.  To  diminish  or  increase  the 
traverse  of  the  “recoil  ”  it  is  only  necessary  to  re-set,  a1  in 
the  groove,  a11;  observing  in  so  doing  the  pinion  G  gears 
correctly  in  the  segment  rack  during  drawing  off  or  when 
the  catch  is  operated. 

76.  Principle  of  Action. — The  principle  of  the  machine 
is  to  effect  successive  combings  of  the  material  rectilineally 
or  in  a  straight  line,  namely,  the  direction  in  which  the 
slivers  pass  from  the  feed  to  the  delivery  end  of  the  comb. 
In  this  it  differs  from  the  Holden,  the  Noble,  and  other 
machines. 

The  operations  are  done  (a),  by  partial  combing  when 
the  material  is  drawn  between  the  gill-pins ;  (6),  by  the 
pins  of  the  revolving  comb,  B,  Figs.  105  and  110,  which 
straighten  the  fibres  between  the  gills  and  the  upper  comb ; 
and  (c)  by  drawing  the  fibres  projecting  from  the  pins  of 
the  fixed  or  vertical  comb  by  rollers,  G,  G1,  Fig.  107. 

The  work  of  starting  the  machine  in  the  first  instance  is 
done  by  hand  and  is  accomplished  as  follows :  The  drawing- 
off  rollers  are  set  in  a  position  for  removing  a  length  of 
the  combed  fibres  when  the  machine  is  turned  over  ;  and 
the  “nippers,”  c,  Fig.  105,  are  opened.  The  vertical  comb 
is  raised  to  render  it  inoperative ;  and  the  dabbing  motion 
is  also  put  out  of  gear.  A  clear  passage  for  drawing  the 
slivers  through  the  machine  with  a  minimum  amount  of 
resistance  is  thus  prepared.  The  slivers  are  taken  by  hand 
from  the  bobbins  or  cans  over  the  feed-plate,  seeing  that 
there  is  no  crossing  of  the  material,  and  passed  slightly 
beyond  the  opened  nippers.  The  machine  is  now  turned 
over  until  the  drawing-off  rollers  possess  an  even  grip  of 
the  fibres.  This  done,  the  comb  is  ready  for  starting,  but 
it  is  not  the  practice  to  set  the  dabbers  in  operation  until 
some  short  length  of  treated  material  has  passed  through 
the  machine.  The  object  of  this  is  to  reduce  as  much  as 
possible  the  resistance  of  the  slivers  to  the  action  of  the 


Fig.  105.  Section,  Kectilinear  Comb. 
B  =  Circular  Comb.  c  =  Nipper  Jaw. 


D  =  Gills. 
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drawing-off  rollers  by  not  pressing  the  fibres  between  the 
pins  of  the  circular  comb.  Leaving  the  feeding  rollers,  the 
slivers  are  controlled  by  the  traversing  gills,  d  (Figs.  105, 
106,  107),  to  form  an  even  web  of  fibres  for  actual  comb¬ 
ing.  The  rollers,  s  s1  (Fig.  107)  feed  the  material  as  re¬ 
quired,  by  wheel  and  catch  gearing,  G,  Fig.  109.  It  follows 
that  at  each  operation  of  the  drawing-off  rollers  the  combed 
material  is  detached,  the  beard  of  the  fibres  projecting  in 


Fig.  108.  Section,  Rectilinear  Comb. 


front  of  the  pins  of  the  comb  constituting  the  combed  sliver, 
this  being  drawn  or  removed  from  the  pins  by  g,  g1,  in  tufts 
of  fibres,  and  these  require  to  be  collected  or  made  into  a 
continuous  ribbon  or  top  of  the  same  consistency  through¬ 
out  :  that  is  to  say,  the  ends  of  the  sliver  carried  off  by  the 
rollers  and  conveyed  to  the  delivery  table  must  be  joined 
— without  any  appreciable  inequality  of  result — to  the 
ends  of  the  lengths  of  fibres  previously  abstracted  from 
the  pins  of  the  comb,  w,  and  formed  into  a  sliver  by  passing 
through  an  ordinary  can  coiler  device  (Fig.  104). 
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77.  Action  of  the  Rollers,  Nippers ,  and  Upper  and  Lower 
Swords.  — F rom  this  description  and  also  from  the  nature 
of  the  routine  of  the  process,  it  will  be  seen  that  the 
nippers  must  be  open  when  the  drawing-off  takes  place, 
but  at  the  same  time  the  carriage  must  be  stationary. 
The  function  of  the  drawing-off  rollers,  as  explained,  is 
to  take  off  the  “beard”  of  combed  fibres  projecting  in 
front  of  the  pins  of  the  vertical  comb. 

During  drawing-off,  the  upper  roller,  g,  should  lightly 


Fig.  109.  Section,  Rectilinear  Comb. 


touch  the  metal  part  of  the  comb,  but  not  the  pins.  The 
adjustment  screw  l,  Fig.  107,  is  used  for  setting  this  comb 
in  relation  to  rollers,  gg1.  To  set  the  rollers  parallel  with 
the  nipper  they  are  adjusted  by  altering  the  position  of 
stud  a1  in  the  slot  a11,  Fig.  109. 

The  efficiency  of  the  work  of  the  nippers  is  affected  by 
the  setting  of  the  bar,  under  the  lower  jaw,  Fig.  107. 
The  object  of  this  bar  is  to  control  the  fringe  of  fibres 
projecting  from  the  nippers.  For  satisfactory  production 
the  point  of  the  lower  bar  should  be  set  close  to  the  pins 
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of  w,  or  within  "  or  at  the  extreme  Setting  nuts  are 
used  for  varying  the  distance  of  the  bar  from  the  pins]  of 
comb,  w. 


To  facilitate  drawing-off  in  the  treatment  of  medium 
stapled  wools,  the  upper  and  lower  swords,  Fig.  107,  are 
employed  for  controlling  the  long  fibres.  Thus  the  former 
presses  such  fibres  against  the  bearing  surface  of  the  lower 
sword,  the  material  being  drawn  through  the  vertical  comb, 
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w.  In  combing  short-fibred  materials  these  parts  are  not 
necessarity  used ;  but  for  those  of  a  moderate  length 
they  supplement  and  assist  the  action  of  the  rollers,  which 
are  insufficient  to  draw  off  all  the  long  fibres  until  the 
upper  sword  has  operated  on  the  wool  being  treated. 

The  point  of  this  sword  is  set  almost  in  contact  with 
the  pins  of  the  comb,  and  operates  immediately  following 
the  withdrawal  of  the  rollers,  g  g1,  thus  at  once  attaining 
a  working  position.  If  this  were  not  done,  the  liberated 
fibres  would  not  be  satisfactorily  carried  forward  by  the 
draw  rollers.  When  the  upper  sword  is  in  action  there 
should  be  approximately  a  space  of  ^ "  between  it  and 
the  point  of  the  bottom  sword. 

The  setting  and  working  of  the  dabbing  motion 
(Fig.  108)  are  important  to  efficient  running  and  good 
combing.  In  the  sectional  drawing,  the  dabbing  blade  is 
in  the  bottom  position,  or  when  it  has  pressed  the  fibres  of 
the  wool  between  the  pins.  Part  s  of  the  dabber  is  set  as 
close  as  possible  to  the  nippers,  c,  so  that  it  just  touches 
the  brush,  e,  in  its  descending  movement.  The  jaw  is  also 
fixed  to  work  about  from  the  pins  of  the  comb  fallers. 
Projection  l1  of  the  comb  engaging  projection  l  of  the 
dabber  carries  the  dabber  forward  for  whilst  in  the 
working  position.  Then,  by  eccentric  control,  a  greater 
speed  is  given  to  the  dabber  than  to  the  comb  disengag¬ 
ing  projections  l  and  l1,  and  lifting  the  blade,  s,  out  of 
the  pins. 

78.  Noiling  and  Burring. — The  mechanism  for  this  work 
is  sketched  in  Fig.  110,  but  the  noil  and  other  vegetable 
matter  are  removed  from  the  pins  of  the  fallers  of  the 
circular  comb  each  time  it  revolves  by  the  “  unburring” 
blade,  t,  Fig.  108  (fixed  in  the  interior  of  the  comb),  which 
operates  in  conjunction  with  the  dabber.  This  blade  is 
automatically  pushed  forward  to  the  extremity  of  the  pins 
— but  not  beyond — and  drawn  backward  to  raise  impurities 
from  the  bottom  of  the  pins  ready  for  removal  by  the  brush, 
R,  Fig.  110.  The  he'avier  impurities  are  thrown  into  a  can 
placed  underneath  the  working  parts  of  the  comb ;  whilst 
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the  noils  taken  from  the  brush  by  the  doffer,  m,  are  combed 
off  by  a  doffing  comb  and  pass  into  a  compartment  at 
the  front  of  the  machine.  Suitable  means  of  adjustment 
are  provided  to  counteract  the  effect  of  wear  on  the  brush 
roller. 

The  Tables  on  pages  219,  220,  and  221  are  printed 
from  the  brochure ,  Reglage  et  Renseignements  concernant 
la  Peigneuse-Laine ,  published  by  the  “  Soci<$t4  Alsacienne 
de  Constructions  M4caniques.” 

79.  Carded  and  Combed  Wools.  —  The  combed  top 
(Specimen  2,  Plates  XXIV  and  XXV),  which  form  the 
basis  of  the  worsted  thread,  consists  of  quite  a  different 
arrangement  of  fibres  from  the  sheet  of  carded  wool 
(Specimen  7).  Fibres  in  the  “top”  are  comparatively 
straight,  curliness  having  been  combed  out  of  the  staple 
of  the  wool  in  addition  to  the  neppy  and  clustered  fibres 
having  been  removed.  In  the  carded  material  the  fibres 
retain  much  of  their  natural  curly  character,  and  have  no 
resemblance  to  uniform  parallel  relation.  The  top  is, 
moreover,  composed  of  selected  fibres,  whereas  the  carded 
sliver  is  composed  of  every  variety  of  fibre  in  the  raw 
material;  but  in  one  essential  particular  carded  and  combed 
wools  have  corresponding  qualities — the  fibres  in  each  con¬ 
dition  are  so  grouped  and  arranged  as  to  be  suitable  for 
being  made  into  a  yarn  by  the  process  of  spinning. 

The  dissimilarity  in  the  effects  of  the  worsted  and 
woollen  methods  of  yarn  construction  are  also  distinguish¬ 
able  in  the  final  stages  of  preparation  as  in  the  carded  and 
combed  materials.  Note,  for  example,  the  difference  in 
the  structure  and  characteristics  of  the  rovings  and  the 
condensed  slivers  (Specimens  4  and  8,  Plates  XXIV  and 
XXV).  How  comparatively  level  and  even  the  structure 
of  the  former  as  compared  with  the  latter;  the  sliver  is 
irregular  in  diameter,  the  fibres  hang  loosely  together, 
and  lack  the  qualities  of  adhesiveness  and  compactness 
seen  in  the  roving.  The  relative  diameters  of  the  roving 
and  the  spun  yarn,  and  of  the  sliver  and  the  spun 
yarn  show  that  the  roving  requires  to  be  more  reduced 
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TABLE  YII 

Particulars  of  the  Fallers  ( barrettes )  of  an  18-set  Circular 
Comb  in  a  Rectilinear  Combing  Machine. 

Segment  I 

First  Opening  Section  of  the  Comb  employed  for  all  Classes  of  Wools. 


No. 

Number  of 
pins  per 
centimetre. 

Number 
of  round 
pins. 

Projecting 
points  of  the 
Needles. 

Depth  of  the 
needle-bars. 

1 

4 

191 

7  mm. 

21  mm. 

2 

5 

n 

99 

99 

3 

6 

>> 

99 

99 

4 

8 

214 

99 

9  9 

5 

10 

224 

99 

99 

6 

12 

244 

6  mm. 

22  mm. 

7 

12 

99 

99 

99 

8 

14 

99 

99 

99 

9 

14 

9  9 

99 

99 

Segment  II. 

(Finisher) 

For  Crossbred  and  similar  Wools. 


10 

16 

2«xV 

5  mm. 

23  mm. 

11 

16 

99 

9  9 

99 

12 

19 

27^ 

9  9 

99 

13 

19 

99 

9  9 

99 

14 

22 

99 

4  mm. 

24  mm. 

15 

26 

28W 

99 

25,7  mm. 

16 

26 

9  9 

9  9 

99 

17 

26 

9  9 

99 

99 

18 

26 

99 

99 

99 

Segment  III.  (Finisher) 


For  fine,  neppy,  and  burry  Wools. 


10 

16 

26tV 

5  mm. 

23  mm. 

11 

19 

27tV 

99 

99 

12 

22 

99 

4  mm. 

24  mm. 

13 

26 

28XV 

99 

99 

14 

28 

29tV 

99 

99 

15 

28 

99 

99 

25,7  mm. 

16 

28 

99 

99 

99 

17 

30 

o 

CO 

99 

99 

18 

30 

99 

9  9 

99 
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Segment  IY.  (Finisher) 

For  long  and  Coarse-fibred  Wools. 


No 

Number  of 
pins  per 
centimetre. 

Number 
of  round 
pins. 

Projecting 
points  of  the 
Needles. 

Depth  of  the 
needle-bars. 

10 

16 

2fi-7 
^  1  0 

5  mm. 

23  mm. 

11 

16 

99 

99 

9  9 

12 

16 

- 

9  9 

99 

13 

19 

27tV 

4  mm. 

24  mm. 

14 

19 

» 

99 

19 

15 

19 

99 

25,7  mm. 

16 

22 

9 9 

99 

9  9 

17 

22 

99 

99 

99 

18 

22 

„ 

99 

99 

or  drafted  in  the  spinning  operation  than  the  woollen 
sliver. 

80.  Process  of  Drawing  ( English  System ) . — The  principle 
of  the  drawing  operation  is  that  of  combining  several  slivers 
and  drafting  them  to  such  a  degree  as  to  produce  a  thick, 
soft  thread  which,  when  twisted,  will  form  a  yarn  capable  of 
bearing  the  tension  and  friction  of  the  weaving  routine.  Two 
or  more  slivers  are  successively  united  and  drawn  to  a  length 
equal  to  the  sum  of  their  combined  lengths,  that  is  to  say, 
if  six  ribbons  were  put  together  and  elongated  into  one,  a 
yard  of  the  combined  sliver  would  be  attenuated  to  the 
length  of  the  six  and  reduced  to  a  size  corresponding  to 
one  of  the  six.  This  system  of  equalizing  and  levelling  the 
slivers  rectifies  any  unevenness  and  further  adjusts  and 
straightens  the  fibres.  Six  or  nine  machines  are  employed, 
all  built  on  a  similar  principle.  Each  machine  has  two 
pairs  of  rollers,  revolving  at  different  speeds,  one  pair 
receiving  the  slivers,  and  the  other  delivering  them.  Draft 
or  attenuation  is,  in  every  machine,  effected  on  this  system. 
The  “  ratch  ”  or  draft,  is  varied  according  to  the  average 
length  of  the  fibres  of  the  wool,  a  reduction  being  made  as 
the  material  passes  from  one  frame  to  another,  the  increase 
in  length  of  the  sliver  in  each  box  being  in  the  same  ratio 
as  the  speeds  of  the  two  pairs  of  rollers  to  each  other. 
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When  six  machines  are  employed,  the  doublings  may  be 
as  follows  :  Six  slivers  at  the  first  and  second  frames,  five 
at  the  third,  four  at  the  fourth  and  fifth,  and  two  at  the 
rover.  Should  the  set  contain  nine  machines,  as  is  the  case 
for  fine  wools,  then  the  roving  produced  would  result  from 
some  288,000  doublings.  The  order  of  doubling  in  such  a 
series  of  machines  would  be  eight  at  the  first  frame ;  six  at 
the  second  ;  five  at  the  third,  fourth  and  fifth  frames;  four 
at  the  sixth ;  three  at  the  seventh ;  two  at  the  eighth ;  and 
two  again  at  the  roving  frame.  In  this  routine,  the  slivers 
are  attenuated  from  each  end  alternately  in  order  to  dis¬ 
tribute  the  direction  of  the  drawing  tension  put  on  the 
fibres  as  much  as  possible,  and  also  to  prevent  the  forma¬ 
tion  of  an  uneven  ribbon. 

81.  Drawing  Machines  ( open  and  cone  construction). — 
There  are  two  distinct  classes  of  drawing  frames,  namely, 
English  and  French.  The  former  are  divided  into  open 
and  cone  drawing.  In  the  English  frames,  the  arrange¬ 
ment  of  the  rollers  for  drawing  is  similar  to  that  in  the 
gill-box,  but  for  wools  that  have  only  been  carded  and 
not  combed  or  billed,  fallers  are  not  used  in  anv  of  the 
boxes.  As  the  short  fibre  remains  in  the  material  when 
prepared  by  this  method  of  worsted  yarn  making,  to  pass 
the  wool  between  a  number  of  gill  pins  in  drawing  would 
impair  the  regularity  of  the  sliver,  for  as  each  faller  dropped 
out  of  the  material  it  would  leave  short  filaments  lying 
across  the  sliver.  The  slivers  from  the  first  and  second 
boxes  are  delivered  into  cans  (in  Eig.  Ill,  the  balls  in 
the  creel  from  the  finisher  gill-box  are  drafted  to  the  size 
of  one  sliver,  and  two  slivers  or  slubbings  from  the  six 
balls  in  the  creel  are  delivered  into  the  cans),  but  in  the 
subsecjuent  frames  some  slight  twist  is  given,  so  the 
material  is  wound  on  to  bobbins,  the  size  of  the  latter, 
as  well  as  of  the  slubbing,  decreasing  as  the  material 
passes  from  frame  to  frame. 

For  System  II  of  worsted  thread  construction  (para¬ 
graph  64),  the  first  two  or  three  machines  are  mounted 
with  fallers  like  the  gill-box,  the  remaining  frames  in  the 


CREEL 


Double-can  Drawing  Sox,  showing  Motor  Drive. 
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set  simply  comprising  two  pairs  of  rollers  of  different  sur¬ 
face  speeds,  between  which  the  stubbing  is  drafted. 

Fig.  11  \a  is  termed  the  two-spindle  drawing  box.  A 
number  of  bobbins  from  the  preceding  or  two-spindle 
gill-box,  are  placed  behind  this  machine  in  the  creel, 
and  the  slivers  conducted  to  rollers  r  r1  and  r2,  and 
forward  to  the  front  rollers,  f  r  and  f  r1.  Drafting  takes 
place  between  rollers  r1  and  r2,  and  the  front  rollers  f  r 
and  f  r1.  The  upper  one  is  covered  Avith  leather  and  large 
in  diameter,  gripping  the  stubbing  without  injury  to  the 
staple  of  the  avooI.  Over  each  roller,  f  r,  is  placed  a 
brush,  c,  for  cleaning  functions. 

The  pressure  of  f  r  on  f  r1  may  be  regulated  by  the 
hand  screAvs,  h  s.  The  slubbing  on  leaving  the  front 
rollers,  passes  through  a  hole,  L  and  n,  of  a  sleeve  on  the 
top  of  the  spindle,  s,  then  through  the  top  guide,  i,  of  the 
flyer,  p,  round  one  part  of  the  flyer  to  the  loAver  guide,  i1, 
and  on  to  the  bobbin,  b.  The  spindles  are  driven  by  belts 
(not  shoAvn)  round  pulley,  p. 

It  is  the  difference  betAveen  the  speed  of  the  bobbin  and 
the  flyer,  revolving  round  the  bobbin  and  distributing  the 
slubbing  on  the  same,  which  controls  the  degree  of  twist 
inserted  into  the  slubbing. 

The  chief  difference  in  open  and  cone  draAving  consists  in 
the  method  of  varying  the  speed  of  the  bobbin  as  it  gets 
larger  in  circumference  by  coil  upon  coil  of  thick  thread 
being  AAround  upon  it.  In  open  drawing,  the  bobbins  are 
loose  on  the  spindle,  but  the  flyer  is  fixed.  Round  one 
part  of  the  flyer,  the  thread  is  tAvisted,  and  then  passed 
through  a  guide  or  tAvizzle  on  to  the  bobbin.  The  flyer,  as 
it  revolves  Avith  the  spindle,  drags  the  bobbin  round ;  the 
more  resistance  the  latter  offers  to  the  motion  of  the  flyer, 
the  greater  its  speed.  It  folloAvs,  therefore,  that  the  heavier 
the  bobbin  becomes  (i.e.  fuller  of  yarn),  the  less  is  the 
difference  betAveen  its  speed  and  that  of  the  flyer;  thus 
the  gradual  increase  in  the  Aveight  of  the  bobbin  as  it  fills 
Avith  yarn,  by  increasing  the  drag  betAveen  it  and  the 
flyer,  causes  its  speed  to  accelerate  as  the  slubbing  is 
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wound  upon  it,  By  this  means,  the  satne  length  of  slub- 
bing  is  wrapped  on  the  bobbin,  whether  full  or  empty. 
Now  it  will  be  observed  that  on  the  variation  of  the  drag 
on  the  stubbing,  depends,  in  open  drawing,  the  speed  of 


Fig.  111«.  Two-spindle  Drawing  Box. 

the  bobbins.  In  cone  drawing  (Fig.  112),  the  speed  of  the 
bobbin  is  varied  by  mechanical  arrangement,  so  that  the. 
tension  on  the  slubbing  is  always  uniform.  The  bobbin 
again  runs  loose  on  the  spindle,  but  receives  motion  from 
the  plate  on  which  it  rests,  the  latter  being  driven  off  the 

Q 
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two  cones  a  and  a1.  The  base  of  the  top  cone  is  opposite 
the  apex  of  the  lower  one.  By  strap,  the  upper  cone  a, 
revolving  at  a  uniform  speed,  drives  the  lower  cone,  a1. 
This  strap  travels  from  the  base  to  the  apex  of  the  top 
cone  during  the  filling  of  the  bobbin.  When  the  bobbin  is 
empty,  there  is  a  5-inch  pulley  driving  a  2-inch,  but  when 
full,  a  2-inch  driving  a  5-inch,  so  that  the  speed  of  the 
plate  on  which  the  bobbin  is  fixed  gradually  increases  as 
the  latter  is  filled  with  stubbing. 

In  other  features  the  principle  of  cone  drawing  machinery 
is  similar  to  open  drawing.  Each  box  possesses  a  pair  of 
back  and  a  pair  of  front  rollers — with  intermediate  carriers 
— for  drafting  purposes.  The  endless  leathers,  4,  Fig.  112, 
take  the  place  of  rollers  f  r,  Fig.  111a,  and  are  under 
tension  screw,  s,  control.  The  chief  advantage  of  this 
system  of  “  drawing  ”  is  the  absolute  uniform  distribution 
of  the  stubbing  and  thread,  at  a  like  tension  throughout 
the  operation,  on  to  the  bobbin. 

The  principle  of  French  drawing,  which  differs  in 
essentials  and  also  in  the  schemes  of  mechanism  employed 
from  English  drawing,  is  described  later. 

82.  Roving. — This  is  the  last  operation  through  which 
the  slubbing  passes  before  spinning.  It  may  be  defined  as 
a  combination  of  drawing  and  twisting,  with  an  excess  of 
drawing,  while  spinning  is  a  combination  of  the  same  pro¬ 
cesses  with  an  excess  of  twisting.  In  the  roving-box  two 
of  the  thick  slubbings  from  the  preceding  machine  are 
combined  and  reduced  in  size,  but  increased  in  length,  as 
in  the  drawing  machines,  the  operation  being  the  same 
with  the  exception  of  imparting  more  twine  to  the  soft 
thread  formed.  There  is  not  much  resemblance  in  the 
arrangement  of  the  fibres  resulting  from  the  roving  on 
the  English  drawing  frames,  and  the  condensed  sliver 
from  the  carder  (Specimens  4  and  8,  Plates  XXIV  and 
XXV):  the  roving  having  been  twisted  may  be  further 
attenuated  on  the  spinning  frame  before  additional  twine 
is  inserted,  whereas  the  sliver  being  devoid  of  twist  could 
not  be  stretched  without  breakino-. 

c_) 
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83.  Worsted  Spinning. — The  spinning  frame  used  in 
worsted  yarn  manufacture,  whether  cap,  flyer,  or  ring, 
differs  in  principle  of  construction  from  the  self-actor.  It 
is  not  required  to  impart  twist  in  the  same  manner  as  in 
the  condensed  sliver.  As  already  pointed  out,  the  roving 
contains  a  degree  of  twist,  and  may  correctly  be  called  a 
spun  thread.  In  the  worsted  spinning  frame,  the  rollers 


Fig.  112. 

are  so  arranged  as  to  draw  out  the  roving  before  any  twist 
is  inserted. 

Worsted  spinning  frames  are  of  three  classes,  Flyer,  Cap, 
and  Ring.  When  the  roving  has  been  formed  on  the 
French  principle,  it  is  spun  on  the  self-actor,  giving  really 
four  methods  of  spinning  worsted  yarns.  Whether  the 
flyer,  cap,  or  ring  principle  of  twisting  the  roving  and 
winding  the  yarn  on  to  the  bobbin  is  adopted,  the  method 
of  drawing  out  the  roving  is  the  same.  Thus,  the  roving 
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bobbins  having  been  fixed  in  the  frame,  the  ends  are  passed 
between  rollers  a,  b,  c,  d,  and  e,  Fig.  113,  and  then  for¬ 
ward  to  the  yarn  bobbin.  The  drafting  takes  place  between 
a  and  e,  the  ratch  varying,  as  in  roving,  according  to  the 
average  length  of  the  fibres  in  the  material.  The  small 
rollers,  b,  c,  and  d,  or  “  carriers  ”  convey  the  rovings  to 
the  front  roller  e,  the  top  roller  being  covered  with  leather 
and  the  bottom  roller  being  grooved  or  furrowed.  Twist 


is  imparted  to  the  rovings  after  leaving  the  nip  of  rollers 
e  and  the  spun  yarn  resulting,  wound  on  to  the  bobbin. 
To  drive  the  spindles,  a  cylinder  or  drum,  d,  runs  from 
end  to  end  of  the  machine.  As  the  frames  are  generally 
constructed  double,  this  drum  gives  motion  to  the  spindles 
on  both  sides.  In  some  frames,  one  tape  drives  four 
spindles,  the  tensioning  roller  Dl  slightly  rising  and  falling 
with  the  bobbin  to  keep  the  tape  or  leather  band  at  the 
same  tightness  throughout  the  operation. 
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On  this,  the  “flyer”  principle,  the  bobbin  runs  loosely 
on  the  spindle.  The  flyer,  f,  Fig.  113,  gives  motion  to  the 
bobbin ;  and  the  degree  of  twist  put  into  the  yarn  is  deter¬ 
mined  by  the  relative  speeds  of  the  bobbin  and  the  flyer. 
If,  for  example,  the  latter  makes  sixty  turns  per  minute, 
and  the  bobbin  fifty,  there  will  be  ten  wraps  of  yarn  on 
the  bobbin  for  sixty  turns  of  the  flyer,  or  six  turns  in  each 


Fig.  114.  Cap  Spinning  Frame. 


wrap  of  yarn  on  the  bobbin.  The  flyer  has  three  func¬ 
tions  :  (1)  it  keeps  the  thread  at  a  regular  tension ;  (2)  it 
inserts  twist  into  the  roving;  and  (3)  winds  the  yarn  on  to 
the  bobbin.  In  Fig.  113  the  flyer  is  driven  off  a  wharl  on 
the  top  of  the  spindle,  and  on  the  tension  principle  ;  this  is 
the  arrangement  adopted  by  Hall  &  Stell  in  applying  Fos¬ 
ter’s  automatic  doffing  motion  to  their  frames.  Ordinarily, 
however,  the  drive  is  effected  off  the  usual  tin  cylinder 
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running  the  whole  length  of  the  frame,  a  cord  passing 
round  this  cylinder  (one  for  each  spindle)  and  a  wharl  on 
the  spindle  below  the  bobbin  lifter  plate.  The  bobbin 
slides  up  and  down  on  the  spindle,  being  carried  by  the 
“  lifter.”  Bv  twisting  the  thread  round  the  arm,  a,  of  the 
fix  er,  it  is  tensioned  as  it  is  wound  on  to  the  bobbin. 

The  principle  of  cap  spinning  (Figs.  114  and  114a) 


Fig.  1  \Au.  Prince  Smith’s  Cap  Spinning  Frame. 


is  different  from  that  of  the  flyer.  Here  the  spindle  has 
no  rotary  motion.  A  tube  or  shell,  s’,  which  carries  the 
bobbin,  is  placed  on  it.  The  shell  is  mounted  with  a  wharl,  w, 
and  like  the  spindle  in  the  flyer  frame  is  driven  by  drum, 
dc.  The  cap  is  inoperative.  The  lower  rim  of  the  cap 
is  smooth  and  polished  to  cause  as  little  friction  as  pos¬ 
sible  on  the  thread  during  spinning.  By  an  up-and-down 
motion  being  given  to  the  bobbin  by  the  spindle,  the  yarn 
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is  regularly  wound.  For  fine  yarns,  cap  spinning  is  better 
adapted  than  flyer  spinning,  as  the  spindles  may  be  run  at 
a  very  high  speed.  But  for  crossbred  and  lower  qualities 


of  yarn,  it  is  not  as  suitable  on  account  of  the  friction 
developed  between  the  rim  of  the  cap  and  the  surface  of 
the  yarn. 

Fig.  115  is  a  section  of  the  ring  frame  ;  b  is  the  bobbin  ; 
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R,  the  ring;  t,  the  traveller;  s,  the  spindles;  and  y  the 
yarn.  The  bobbin  is  fastened  on  to  the  spindle  revolving 
with  it;  and  rail  a  rises  and  lowers  during  the  process  of 
winding  the  yarn  on  to  the  bobbin.  Winding  and  twisting 
are  effected  by  the  bobbin  and  the  traveller.  The  latter, 
under  which  the  yarn  is  passed  to  the  bobbin,  revolves  on 
the  rim  of  ring,  r.  The  shape  of  the  bobbin  of  spun  yarn 
is  regulated  by  the  motion  of  rail,  a. 

The  ring  frame  in  worsted  yarn  production  is  chiefly 
used  for  doubling  purposes. 

The  worsted  self-actor  (sectional  drawing,  Fig.  116, 
Plate  XXXIII)  is  a  similar  compound  of  intermittent 
motions  to  the  woollen  mule,  with  the  exception  of  a  con¬ 
tinuous  delivery  of  the  slubbing  during  the  spinning  and 
twisting  operations. 

The  routine  consists  in  (1)  drafting  to  the  length  re¬ 
quired  by  the  rollers  r  and  r1,  which  correspond  in  function 
to  similar  rollers  in  the  ordinary  types  of  worsted  spinning 
frames  (Figs.  113,  114,  and  115);  so  that  the  measure  of 
attenuation  is  fixed  by  the  adjustment  of  the  two  pairs  of 
rollers  from  each  other,  and  also  of  their  relative  speeds; 
(2)  of  the  delivery  of  the  drawn  out  or  drafted  sliver  by 
rollers  re1,  and  of  twisting  during  the  receding  of  the  car- 
riage;  (3)  of  the  stopping  of  rollers  R  r1,  and  of  the  carriage 
on  reaching  the  end  of  its  traverse  ;  (4)  of  the  change  of  the 
speeds  of  the  spindles  from  twisting  to  winding-on  purposes, 
and  of  bringing  the  counter-faller  into  position  for  guiding 
the  threads  on  to  the  spindles  during  winding;  and  (5)  of 
the  inward  movement  of  the  carriage,  the  spindles  winding 
up  the  yarns.  Small  rollers  1  and  2  are  carriers  and  r2  a 
pressure  roller. 

The  shape  of  the  scroll  (Fig.  116a)  shows  that  the  speed 
of  the  carriage  is,  with  the  exception  of  the  starting  and 
stopping  points,  practically  uniform  throughout  the  out¬ 
ward  or  twisting-period  traverse. 

The  mechanism  of  control  of  the  several  motions,  includ¬ 
ing  drafting,  delivery,  twisting,  movement  of  the  carriage, 
and  also  for  regulating  the  degree  of  twist,  speeds  of  the 


Plate  XXXIII 



Fig.  116.  Section  of  Worsted  Self-Actor. 
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spindles,  winding-on,  and  the  bobbin  shaping,  is  similar 
in  principle  to  that  employed  in  the  ordinary  type  of 
woollen  mule  described. 

84.  Continental  System. — Up  to  backwashing,  the  pro¬ 
cesses  of  worsted  yarn  manufacture  for  fine  wools  are  the 
same  in  both  the  English  and  Continental  systems.  Comb¬ 
ing  may  also  be  done  on  the  Noble  machine,  but  French 
and  German  spinners  favour  the  Heilman  type,  which  is 
specially  adapted  for  the  treatment  of  very  short  wools 
and  materials.  But  the  results  of  combing,  whether  done 
on  the  Noble  or  the  Rectilinear,  are  similar,  and  do  not 
indicate  any  distinctive  difference  in  the  condition  of  the 
material.  This  begins  in  the  process  of  drawing,  and  con¬ 
tinues  in  mixing  as  performed  on  the  melangeur ,  and  also 
in  spinning  on  the  self-actor.  As  noted,  on  the  English 
system,  from  the  first  transference  of  the  sliver — after 
doubling  and  drafting  in  the  preliminary  boxes 
— on  to  bobbins,  a  degree  of  twist  is  intro¬ 
duced.  This  runs  through  the  whole  routine 
of  a  set  of  English  drawing,  up  to  and  in¬ 
cluding,  roving.  On  the  French  system  it  is 
exactly  the  reverse.  At  no  stage  in  the  sequence  of  opera¬ 
tion  is  twist  applied.  The  fibres  composing  the  sliver  re¬ 
main  perfectly  parallel,  the  only  adhesiveness  mechanically 
produced  being  due  to  combining  a  number  of  slivers 
together,  elongating  them  to  the  thickness  of  one  of  the 
group,  and  submitting  them  to  the  rubbing  action  of  a 
pair  of  oscillating  and  rotating  leathers. 

85.  French  or  Contine?ital  Drawing. — The  entire  system 
is  uniform  in  principle  from  the  first  to  the  final  opera¬ 
tion.  The  material  is  drafted  and  levelled  by  the  action 
of  three  pairs  of  rollers — back,  middle  and  front,  r1,  r2, 
and  r3,  Fig.  117 — having  augmentir 
speeds  from  one  to  the  other — and  of  a 
roller,  p,  placed  between  the  middle  and  the  front  rollers. 
This  takes  the  place  of  the  fallers  in  an  English  set,  and 
has  a  speed  slightly  above  the  back  and  the  middle,  but 
below  that  of  the  delivering  rollers.  It  is  made  of  brass 


Fig.  116«. 


circumferential 
“  porcupine  ” 
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tubing  studded  with  steel  pins  increasing  in  fineness  and 
closeness  of  setting  at  each  box.  By  fixing  this  roller  a 
shade  higher  than  the  nip  of  the  front  rollers,  the  latter 
obtain  a  satisfactory  grip  of  the  wool,  drawing  it  cleanly 
and  effectively  through  the  pins.  Attached  to  each  head 
is  a  pair  of  rubbing  leathers,  having  a  revolving  and 
oscillating  movement  which  roll  or  rub  the  fibres  of 
individual  slivers  together,  and  carry  them  to  horizontal 
bobbins,  one  for  each  head.  These  are  made  to  rotate  by 
fluted  rollers,  and  have  also  a  traverse  action  so  as  to  give 
a  cross  wind  of  the  material. 

Two  kinds  of  winding  are  practised,  namely,  the  single 
meche  or  single  sliver  bobbin,  that  is,  one  sliver  on  each 
bobbin — customary  at  the  first  frame  and  the  roving 
frame;  and,  second,  double  meche ,  two  slivers  are  run 
together  on  each  bobbin,  and  which  is  favoured  in  this 
country. 

The  relative  position  of  these  parts  in  the  machine  are 
shown  in  Eigs.  117  and  117a.  The  former  is  the  roller 
stand  for  a  drawing  frame,  and  the  latter  an  end  view  of 
the  roving  frame  double  meche  ( i.e .,  double  sliver)  cross 
wound  on  balls  as  sketched  at  b1.  Fig.  117  indicates  the 
complete  passage  of  the  slivers  from  creel  to  the  balling 
apparatus,  namely,  through  fixed  guides,  g,  between 
rollers  r1,  forward  to  r'2,  being  slightly  attenuated  in  the 
traverse,  over  the  porcupine  r,  and  to  rollers  r3,  and  thence 
to  the  rubbers. 

The  effect  of  the  porcupine  pins  in  straightening  the 
fibres  of  the  wool  and  removing  curliness,  is  shown  in  the 
sectional  sketch,  Fig.  117A  The  rubbers  have  the  same 
action  and  effect  on  the  slivers  as  in  the  condenser  of  a 
woollen  carding  machine,  imparting  adhesiveness  and  con¬ 
sistency  to  the  slivers  without  adding  twist.  Passing  from 
their  control  the  slivers  are  conducted  through  guides  to 
the  bobbin  b,  driven  by  friction,  and  to  which  is  given 
both  a  transverse  and  rotary  movement. 

In  the  machine  following  that  sketched  in  Fig.  117a, 
namely,  the  finishing  roving  frame,  the  slivers  are  wound 



Fig.  117.  Drawing  Frame,  Continental  System. 
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on  conical  shaped  bobbins,  in  which  form  they  are  ready 
for  the  self  actor. 

“  A  feature  of  interest  is  the  arrangement  or  dividing  up 
of  the  slivers ;  two  methods  are  available  (a)  single  meche , 
or  the  winding  of  one  sliver  per  bobbin  as  is  often  done  at 


Fig.  1 1 7 « .  French  Roving  Frame  (Double  Mdche). 


the  first  drawing  frame  and  at  the  finishing  roving  frame, 
and  (b)  double  meche ,  where  two  slivers  are  wound  together 
on  each  bobbin,  a  practice  in  favour  in  this  country  for 
each  operation, 

“The  system  operates  as  follows:  at  the  first  drawing 
frame  the  bobbins  in  the  creel  are  single  meche ,  and  the 
slivers  delivered  and  wound  on  to  the  bobbins  in  front  are 
in  single  meche  form,  and  as  there  are  twenty-four  bobbins 
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in  the  creel  and  six  bobbins  at  the  front  of  the  machine, 
there  is  a  doubling  of  four  ends  into  one. 

“  At  the  second  machine  the  bobbins  in  the  creel  will  be 
also  single  meche ,  but  the  delivery  in  this  case  is  double 
meche.  Thus  with  such  meche ,  twenty-four  bobbins  in  the 
creel  and  six  double  meche  deliveries  at  the  front  of  the 
machine,  the  doubling  is  equal  to  two  ends  into  one. 

“  Eor  the  third  machine'  twenty-four  bobbins  may  be 
creeled,  having  two  ends  per  bobbin,  and  six  deliveries  of 
double  slivers  are  made  at  the  front  which  provides  a 
doubling  of  four  ends  into  one. 

“  In  succeeding  operations  the  bobbins,  back  and  front, 


are  double  meche ,  and  further  details  would  simply  give 
the  number  of  ends  doubled  into  one.” 

Stages  in  Drawing 

These  comprise  the  following : 

I.  Drawing  Box.  24-single  meche  bobbins  delivered  on 
to  6  bobbins,  or  equal  to  four  slivers  formed  into  one. 

II.  Drawing  Box.  24-single  meche  bobbins  delivered  on 
to  6  doubl Q-meclie  bobbins,  or  two  ends  formed  into  one. 

III.  Drawing  Box.  24-double  meche  bobbins  delivered 
on  6  doubl e-meche  bobbins  providing  a  doubling  of  four 
ends  to  one. 

For  the  successive  frames  the  double-wAAe  wind  is 
practised  both  at  the  front  and  back  of  the  machine. 
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This  would  be  the  routine  in  ordinary  lots,  in  which 
case  mixing  for  various  shades  is  done  in  the  usual  way, 
the  tops  being  blended  on  the  gill-balling  machine,  the 
mixed  gilled  slivers,  wound  on  bobbins,  being  run  down  the 
drawing.  Providing  a  mixture  of  wool  and  cotton  has  to 
be  made,  then  after  treatment  in  the  preparing  gill-boxes, 
the  material  is  run  through  the  melangeur  (Fig.  118),  a 
machine  with  four  heads,  each  a  complete  drawing  box, 
Nos.  1  and  4  being  for  the  slivers  of  avooI,  and  Nos.  2 
and  3  for  those  of  cotton.  So  that  each  material  may  be 
drafted  separately,  the  driving  and  gearing  of  the  first 
series  are  independent  of  the  second  series  of  boxes.  The 
cotton  may  be  either  in  the  combed  or  uncombed  state, 
but  if  combed  it  is  in  a  more  suitable  condition  for  mixing 
with  the  wool.  The  slivers  having  passed  through  the 
respective  boxes,  are  delivered  to  a  balling  head — one 
placed  over  the  other,  that  is,  a  sliver  of  wool  and  a  sliver 
of  cotton,  alternately,  resembling  in  scheme  of  arrange¬ 
ment,  the  “  bedding  ”  for  Angola  blends  for  woollen 
carding  and  spinning. 

The  construction  and  working  of  the  melangeur  will  be 
understood  from  the  view  of  the  machine  in  Fig.  118.  It 
consists  of  four  heads  or  of  four  sets  of  drawing,  1  to  4 
inclusive,  each  set  delivering  a  separate  sliver  which 
passes  over  the  metal  guides,  a,  b,  c,  and  d,  to  rollers, 
r1,  r2,  R3,  and  r4,  which  deliver  the  slivers  on  the  table,  t. 
Here  they  are  collected  and  delivered  as  one  on  the 
bobbin,  b1. 

Taking  the  materials  to  be  from  section  No.  1  wool, 
from  No.  2  and  3  cotton,  and  from  No.  4  wool,  they 
would  be  formed  into  one  sliver  on  the  table,  and  wound 
on  to  the  bobbin  b1,  prepared  for  the  drawing  frame.  The 
slivers  of  different  materials  are  placed  in  cans  fixed  behind 
the  machine,  the  number  necessary  to  give  the  required 
blend  being  fed  to  each  head,  1,  2,  3,  and  4. 

86.  Method  of  Treatment  for  a  Blend  of  Wool  and  Cotton 
(Worsted  Yarn). — “  The  following  detailed  considerations 
show  the  preparation  and  machinery  capable  of  delivering 
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Fig.  118.  Melanc/eur  or  Mixing  Machine. 


240 


WOOLLEN  AND  WORSTED 


5,600  lb.  of  Merino  yarn  (50  per  cent,  wool  ancl  50  per 
cent,  cotton)  in  one  week  of  50  net  working  hours,  the 
roving  to  be  4.39  drams  40  yards,  or  a  4.16  hank  roving 
for  spinning  40’s  yarn  on  the  worsted  self-actor. 

“  The  tops  from  the  second  finishing  gill-box,  requiring 
further  preparation,  are  passed  to  a  4-bobbin  screw  gill 
balling  machine ;  8  tops  are  placed  in  the  creel  and  the 
ends  are  doubled  two  into  one;  with  tops  weighing  273 
drams  per  40  yards  which  is  equal  to  .067-hank  roving 
and  a  draft  of  6,  the  resulting  slivers  each  equal  91  drams 
per  40  yards,  or  .2-hank  roving  which  is  a  suitable  weight 
to  feed  the  melangeur  machine  where  the  wool  and  the  cot¬ 
ton  are  mixed  together  in  a  perfectly  open  condition,  that 
is,  neither  the  slivers  of  wool  or  cotton  contain  any 
twist. 

u  The  class  of  machine  most  suitable  has  five  boxes, 
three  for  wool,  1,  3,  and  5,  and  two  for  cotton,  2  and  4. 
The  driving  and  gearing  of  the  rollers  in  the  wool  boxes 
is  quite  independent  of  those  for  the  cotton  boxes  so  that 
the  drafts,  between  reasonable  limits,  can  be  varied  as 
desired.  The  cotton  will  also  have  received  suitable  pre¬ 
paration  and  may  be  either  combed  or  uncombed,  by 
preference,  the  former. 

“  Behind  the  melangeur  are  creeled  12  bobbins  of  wool; 
16  cans  of  combed  cotton  are  also  placed  in  position  and 
the  whole  so  arranged  that  two  ends  of  wool  are  doubled 
together  at  each  roller,  Avith  a  draft  of  5,  and  4  ends  of 
cotton  together  Avith  a  draft  of  6,  and  6  avooI  slivers  and 
8  cotton  slivers  deliver  together  into  each  end  or  bobbin 
of  the  machine,  Avhich  is  equal,  therefore,  to  doubling  14 
ends  into  one;  and  as  there  are  3  avooI  boxes,  and  only 
2  cotton  boxes,  the  compound  sliver  wound  on  to  each  of 
the  two  bobbins  in  front  is  composed  of  3  layers  of  avooI 
and  2  layers  of  cotton. 

“  The  Aveights  and  drafts  have  been  so  arranged  that 
the  combined  layers  of  avooI  on  each  bobbin  at  the  front,, 
weigh  75  grains  per  yard,  and  the  combined  layers  of  cot¬ 
ton  total  74  grains  per  yard,  or  a  sliver  AA7eighing  218. 3 
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drams  per  40  yards,  or  equal  to  .084  hank  roving  on  each 
bobbin. 

“Having  placed  the  wool  and  cotton  together  in  the  re¬ 
quired  proportions  and  in  a  manner  well  suited  for  effec¬ 
tive  mixing,  the  batch  may  be  passed  to  the  F  rench  draw¬ 
ing  processes,  by  which  means,  the  preparation  for  actual 
spinning,  or  the  roving,  is  obtained :  nine  passages  or 
operations  are  required  to  complete  this  work. 

“First  Drawing  Feame  :  Twenty-four  bobbins  from  the 
melangeur  are  placed  in  the  creel  behind  the  machine  and 
deliver  to  6  bobbins  in  front  of  the  machine  with  a  draft 
of  4.  There  is  therefore  a  doubling  of  four  ends  into  one, 
and  the  weight  of  the  sliver  produced  will  be  the  same  as 
the  stubbing  from  the  melangeur ,  namely,  217.8  drams,  or, 
in  equivalent  counts,  .084  hank  roving. 

“Second  Drawing  Frame:  Twenty-four  ends  in  the 
creel  deliver  to  six  bobbins  in  front  of  the  machine,  but  in 
this  case  the  delivery  is  double,  not  single  meche  as  in  the 
first  box ;  in  other  words  two  drafted  slivers  are  wound 
on  to  each  of  the  bobbins,  and  each  of  the  twelve  slivers 
in  front  has  received  two  slivers  at  the  back  and  been 
submitted  to  a  draft  of  4.5;  they  therefore  weigh  96.8 
drams  or  equal  .189  hank  roving. 

“Third  Drawing  Frame  :  Twenty-four  double  meche 
bobbins  are  creeled  at  the  back  and  pass  material  to  six 
bobbins  carrying  double  slivers  in  front,  which  is  again  equi¬ 
valent  to  a  doubling  of  four  into  one  and  with  a  draft  of  4.2 
gives  a  sliver  of  91.9  drams  or  equal  to  .198  hank  roving. 
The  bobbins  for  these  first  three  machines  are  16"  long. 

“  Reducing  Frame  :  As  the  name  implies  a  considerable 
reduction  in  the  weight  or  thickness  of  the  sliver  takes 
place  during  the  operation  and  further  in  this  and  all  the 
subsequent  operations  of  drawing;  the  bobbins  measure 
8"  in  length.  Twenty-eight  bobbins  at  the  back  deliver 
to  fourteen  bobbins  in  front  of  the  machine  with  a  draft 
of  5.  Consequently  the  sliver  is  reduced  from  91.9  drams 
to  36.9  drams,  or  expressed  as  lengths,  or  in  hanks,  from 
.198  to  .496. 
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“  Slubbing  Frame  :  Fifty-six  reducer  bobbins  supply 
twenty-eight  bobbins  at  the  slubber  and  with  the  doublings 
two  into  one  and  a  draft  of  4.2  the  resulting  sliver  weighs 
17.59  drams  or  is  equal  to  1.04  hank  roving.  Owing  to 
the  rapid  reduction  in  thickness  during  these  last  two 
operations,  to  insure  a  uniform  roving  for  spinning,  the 
slivers  pass  through  the  next  two  operations  without 
being  changed  in  weight,  and  benefit  considerably  by  the 
doubling  and  drawing  they  there  undergo. 

“  First  Intermediate  Frame  :  One  hundred  and  twelve 
bobbins  from  the  slabbing  frame  are  placed  in  the  creel 
of  this  machine  and  pass  material  to  twenty-eight  bobbins 
in  front,  four  ends  being  doubled  into  one  with  a  draft 
of  4.  The  sliver  thus  weighs  17.59  drams,  which  is 
equivalent  to  1.04  hank  roving. 

“Second  Intermediate  Frame:  One  hundred  and 
twelve  bobbins  fill  the  creel  at  the  back,  and  the  slivers 
pass  to  twenty-eight  bobbins  in  front,  yielding  a  doubling 
of  four  into  one  and  have  a  draft  of  4.  The  weight  of  the 
sliver  still  remains  17.59  drams. 

“Roving  Frame  :  One  hundred  and  twelve  bobbins  are 
creeled  and  furnish  material  to  fifty-six  bobbins  on  this 
machine.  Thus  the  doubling  is  equal  to  two  ends  into  one 
and  this  with  a  draft  of  4  causes  a  reduction  in  the  weight  of 
the  sliver  by  one  half,  e.g .,  8.79  drams  or  2.08  hank  roving. 

“  Two  Finishing  Roving  Frames:  One  hundred  and 
twelve  bobbins  are  put  up  at  the  back  of  each  of  these 
machines  and  deliver  to  fifty-six  bobbins  in  front;  thus 
with  a  doubling  of  two  and  a  draft  of  4  the  required 
finished  weight  of  roving  (4.39  drams  =  4.16  hank  roving) 
is  obtained. 

“Self-actingWorsted  Spinning  Machine  :  The  finished 
rovings  are  now  ready  for  spinning  into  merino  yarn  equal 
to  40’s  counts,  or  40  hanks  of  560  yards  each  per  pound; 
as  the  production  is  estimated  to  be  40  hanks  or  one  pound 
of  yarn  per  spindle  per  week,  eight  mules  of  700  spindles 
each  would  be  required  to  follow  the  drawing  machinery 
specified  and  produce  of  5,600  pounds  of  yarn  per  week. 


PLAN  OF  A  SET  OF  CONTINENTAL 
AND  SPINNING  MACH 


A.  Screw  Gill  Balling  Machine  of  4  heads  and  1 

B.  1st  Drawing,  4  boxes,  4  bobbins  . 

C.  2nd  Drawing,  4  boxes,  4  bobbins  . 

D.  3rd  Drawing,  8  boxes,  8  bobbins  . 

E.  Reducing  Frame,  8  boxes,  16  bobbins 

F.  Stubbing  Frame,  11  boxes,  22  bobbins 

G.  1st  Intermediate  Frame,  11  boxes  22  bobbins 
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450  „  staff 


17 £  inch  staff 


174 


134 


staff 

staff 

staff 


H. 

I. 

J. 


S.A! 


WORSTED  DRAWING 
INERY 


Plate  XXXIV 


'ARN  PER  WEEK  OP  55£  HOURS, 
-td. 


!nd  Intermediate  Frame,  16  boxes,  32  bobbins  17j  inch  staff 

Moving  Frame,  18  boxes  36  bobbins .  17£  „  staff 

:inishingRoving  Frames, 18  boxes, 36bobbins  17£  „  staff 

and 

,  S.A7  ,  S.A?  ,  S.A? ,  S.A?  ,  S.\?  ,  Head  Stocks  of  self  actors 
Nos.  1  to  6,  each  of  650  spindles,  1JJ  inch  pitch,  and  63  inch 
stretch  with  a  length  over  all  of  97  feet  3-|  inches. 
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“  The  draft  in  the  mules  will  be  9.61,  which  is  ascer¬ 
tained  by  dividing  4.16,  the  size  of  the  hank  roving  into 
40,  the  counts  of  the  yarn  to  be  spun.  For  this  class  of 
material  the  mules  have  four  lines  of  rollers.  The  spindles 
are  pitch  and  caused  to  make  from  5,000  to  6,000 
revolutions  per  minute.  In  some  instances  the  single 
meche  roving  from  the  last  operation  is  not  employed,, 
double  meche  bobbins  from  the  roving  frame  being  used, 
one  bobbin  supplying  two  mule  spindles.”1 

87.  Continental  Worsted  Yarn ,  without  Combing. — This,, 
as  in  the  first  English  system,  produces  a  yarn  of  a  some¬ 
what  woollen-like  quality,  but  brighter  and  more  even  in 
structure  due  to  the  processes  of  drawing  and  doubling,, 
which  constitute  an  essential  part  of  the  routine  of  manu¬ 
facture.  The  system  is  suitable  for  the  admixture  of  wool 
and  cotton,  and  results  in  such  an  effective  mingling  of 
the  materials  as  to  secure,  in  a  cross  section  of  the  yarn, 
an  equal  distribution  of  each  class  of  filament  combined. 

The  routine  includes  carding  on  a  two-cylinder  machine 
followed  by  backwashing.  Some  preliminary  drawing  is 
next  practised  to  level  and  parallelize  the  fibres  of  the 
wool  before  the  second  operation  of  carding.  This  is 
effected  on  a  single-cylinder  machine  in  which  the  set  of 
avant  train  or  preparatory  rollers  are  graded  in  speed  and 
fineness  of  clothing.  The  sliver  is  passed  into  the  carder 
from  a  single  ball  which  delivers  it  to  the  feed  rollers  on 
the  principle  of  the  traverse  feecl-in  woollen  carding,  hence 
the  fibres  of  the  material  are  in  the  reverse  relation  to  the 
carding  surfaces  to  that  in  which  they  were  treated  in  the 
drawing  frames.  The  doffer  is  also  a  special  feature,  being 
divided  on  the  clothing  into  four  sections,  from  each  of 
which  a  ribbon  of  prepared,  material  is  passed  to  a  delivery 
funnel  and  a  pair  of  rubbing  leathers.  At  this  stage  the 
wool  or  mixture  of  wool  and  cotton  is  in  a  sliver  condition 
corresponding  to  the  combed  top,  and  is  manipulated  on  a 
series  of  drawing  frames,  then  roved  and  spun. 

1  Abstract  from  a  leetui’e  by  Mr.  John  Leigh  Tatham,  published  in 
the  “Leeds  University  Textile  Journal,”  edited  by  the  author. 
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88.  Costing  of  Worsted  Yarns. — In  calculating  the  cost 
of  worsted  yarns  it  is  usual  to  proceed  as  follows : 

I.  Estimate  the  cost  of  the  scoured  wool. 

II.  Find  the  cost  of  the  “  top  ”  thus  : 

(a)  Take  the  net  number  of  pounds  of  top  yielded,  and 
add  the  cost  of  “preparing”  and  “combing”  to  that  of 
the  clean  wool. 

( b )  Deduct  from  these  two  items  the  value  of  the  noil 
plus  the  value  of  the  shoddy,  and  divide  the  result  by  the 
number  of  pounds  of  top. 

(The  number  of  pounds  lost  in  manufacture  represents 
the  amount  of  “sinkage.”) 

III.  Ascertain  the  cost  of  “drawing,”  “spinning,”  and 
“  doubling,”  thus : 

(a)  Take  the  net  weight  of  yarn  yielded  in  pounds,  and 
add  the  cost  of  spinning  to  that  of  the  top. 

(b)  Subtract  the  value  of  the  waste  laps,  clean  waste, 
and  sweepings  from  the  above. 

( c )  Divide  total  cost  of  yarn  by  net  weight  in  pounds. 

Example. — Find  the  cost  per  lb.  of  2/36’s  worsted 

spun  from  18,376  lb.  of  scoured  cross-bred  wool  at  Is. 
per  lb. 

TABLE  VIII 

COSTING  OF  WORSTED  TARNS 

Cr.  Dr. 


I. 

18,376  lb.  scoured  cross¬ 
bred  wool . 

Is. 

£  s.  cl 

918 

s. 

16 

II.  Combing  result — 

13,242  lb.  net  top  re¬ 
ceived  . 

1,900  noil  ..... 
165  lb.  slioddy  .... 
3,069  lb.  sinkage  .  . 

Combing 

Noil 

Shoddy 

1 

lid. 

6cl, 

2  cl 

J  1 .  i 

4710  0 
17  6 

82 

15 

1,001 

11 

4817  6 

48 

17 

! 

952 

13 

13,242  lb.  of  top  =  £952  13s.  9cl,  or  Is.  5fc7.  per  lb. 
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Cr.  Dr. 


I.  Result  of — - 

£ 

s. 

4. 

£ 

s. 

4. 

13,242  lb.  of  top,  draw- 

ing,  spinning,  and 
doubling  to  2/36’s  warp 

Brought  down  952  13 

9 

11,587  lb.  net  yarn  re- 

received . 

735  lb.  of  laps  .  . 

Spinning,  etc. 
Laps 

3i  4. 
Is  .3  4. 

45 

18 

9 

168 

19 

6 

300  of  clean  waste  .  . 

Clean  waste 

94. 

11 

5 

0 

1,121 

13 

3 

68  lb.  of  sweepings  . 

Sweepings 

44. 

1 

2 

8 

552  lb.  of  sinkage  . 

58 

6 

5 

58 

6 

5 

1,063 

6 

10 

11,587  lb.  of  net  yarn  =  ill, 063  6s.  104.,  or  Is.  104.  per  lb. 


TABLE  IX 

Productive  Power  of  Machinery  employed  in  Worsted 

Yarn  Manufacture 

The  following  data  form  a  general  guide  as  to  the  pro¬ 
ductive  power  of  the  various  machines  employed  in  the 
production  of  worsted  yarn. 

Worsted  Carding. 

Production : 

On  fine  wool:  200  to  300  lb.  per  day. 

On  coarse  wool :  500  to  600  lb.  per  day. 

Controlling  F actors : 

As  for  woollens,  except  that  the  work  must  be  done 
with  a  minimum  breakage  of  fibre. 

Backwasher 

Production : 

Double-Head  Machine  :  1,000  to  2,000  lb.  per  day. 
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Controlling  Factors: 

I.  Weight  of  sliver. 

II.  Number  of  ends  up. 

III.  Number  of  drying  cylinders. 

IV.  Sizes  of  drying  cylinders. 

Preparing  Gill  Box 

Production : 

1,000  to  2,000  lb.  per  day  of  10  hours. 

Controlling  Factors : 

I.  Weight  of  slivers. 

II.  Number  of  ends  up. 

III.  Speed  of  back  rollers. 

IV.  Size  of  back  rollers. 

Punch,  or  Winding  Machine 

Production: 

I, 000  to  2,000  lb.  per  day. 

Controlling  Factors: 

I.  Speed  of  Spindle. 

II.  Character  of  sliver. 

Combing  (Noble’s  System) 

Production : 

Fine  wool:  280  lb.  per  day. 

Coarse  wool :  800  lb.  per  day. 

Controlling  Factors: 

I.  Weight  of  sliver  fed  in. 

II.  Amount  of  sliver  fed  in  per  revolution. 

III.  Speed  of  circle. 

IV.  Tare  or  proportion  of  top  to  noil. 

Open  Drawing 

Production : 

Hardly  any  two  sets  of  drawing  machinery  exactly 
agree  in  composition. 
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A  double  set,  as  below,  for  Botany  should  give  2,400  lb. 
of  2-dram  roving  per  week. 

Two  double-can  gill  boxes. 

Two  spindle-gill  boxes. 

One  4-spindle  drawing  box. 

One  6-spindle  weigh  box. 

One  6-spindle  1st  finisher. 

Two  6-spindle  2nd  finisher. 

Four  8-spindle  dandy  finishers. 

Three  30-spindle  reducers. 

Twelve  30-spindle  rovers. 

A  double  set  for  crossbred ,  as  below,  ought  to  give 
4,000  lb.,  of  4-5  dram  roving,  per  week. 

Two  double-can  gill  boxes. 

Two  2-spindle  gill  boxes. 

One  4- spindle  drawing  box. 

One  6- spin  die  weighing  box. 

One  8-spindle  drawing  box. 

Two  8-spindle  finishers. 

Five  28-spindle  rovers. 

Controlling  Factors: 

I.  Materials. 

II.  Weight  of  roving  required. 

III.  Number  of  reducing  and  roving  spindles. 

Spinning  (Cap  Frames) 

Production : 

Botany  1/60’s  :  I  lb.  to  l^.lb.  per  spindle  per  week. 
Crossbred  1/40’s  :  2  to  3  lb.  „  „  „ 

Speed  for  botany  :  6,400  to  7,000  revs,  per  minute. 
Speed  for  crossbred  :  4,800  to  6,400  revs,  per  minute. 

Controlling  Factors: 

I.  Material  to  be  spun. 

II.  Quality  of  thread  required. 
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III.  Speed  at  which  it  will  spin. 

IV.  Turns  per  inch  in  the  yarn. 

V.  Speed  of  the  spindles. 

Continental  System. 

The  following  is  an  example  of  the  hanks,  doublings, 
and  drafts  usually  practised  in  producing  40’s  worsted 
yarn  with  approximately  a  .08  hank  sliver  delivered  at 
the  gill  box,  and  a  4^  hank  sliver  at  the  finishing  roving 
frame. 


Machines. 

Hank  Sliver 
in  Creel. 

Ends 
into  1. 

Draft. 

Hank  Sliver 
delivered. 

Gill  Balling  .  .  .  . 

— 

— 

_ 

.08 

1st  Drawing  .... 

.08 

2 

4.0 

.16 

2nd  Drawing .... 

.16 

3 

4.0 

.212 

3rd  Drawing  .  .  .  . ' 

.212 

2 

4.0 

.424 

Reducing . 

.424 

2 

4.25 

.90 

Slubbing . 

.90 

3 

4.25 

1.27 

1st  Intermediate 

1.27 

4 

4.25 

1.34 

2nd  Intermediate  .  . 

1.34 

3 

4.25 

1.89 

Roving . 

1.89 

4 

4.25 

2.00 

Finishing  Roving  . 

'2.00 

2 

4.25 

4.25 

S.A.  Mule . 

4.25 

1 

9.41 

40’ s. 

The  drawing  machines  should  produce  about  20  to  24 
yards  per  minute,  and  the  self-actor  40  hanks  per  spindle 
per  week  of  hours  varying,  of  course,  in  turn  out 
with  local  conditions. 

Plate  XXXIY  (Messrs.  Platt  Bros.)  is  a  plan  of  a 
set  of  preparing  and  spinning  machinery,  showing  the 
methods  of  grouping  the  machines  and  the  system  of 
driving.  The  plant  is  capable  of  producing  3,900  lb.  of 
40’s  yarn  per  week.  For  such  a  plant  a  two-storied  build¬ 
ing  would  not  be  suitable.  A  shed,  as  sketched,  with 
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one  bay  of  24  ft.  and  four  bays  of  22  ft.  each  by  105  ft. 
wide  inside,  would  provide  convenient  floor  space  for  the 
laying  out  of  the  machinery  and  also  for  working,  with  a 
yarn  warehouse  or  store-room.  For  a  larger  plant  say 
eighteen  self  actors  and  preparation  either  a  shed  or  a  three- 
storey  building,  with  one  section  for  the  preparing  and  three 
sections  for  spinning,  would  be  a  satisfactory  arrangement. 

The  horse-power  required  for  driving  the  whole  plant 
exclusive  of  friction  and  shafting,  for  which  25  to  30% 
should  be  added,  is  about  60,  which  might  be  generated 
by  steam  engine  or  by  electric  motor. 

English  Systems. 

Plans  (Messrs.  Prince,  Smith  and  Son)  showing  the 
system  of  arranging  and  driving,  drawing,  spinning  and 
twisting  machines  for  double-set  plants  for  Botany, 
Crossbred  and  Long-wools,  are  given  in  Plates  XXXV, 
XXXYI,  and  XXXVII. 

Plate  XXXV.  Plan  of  a  room  containing  a  double  set  of 
Botany  drawing  with  the  necessary  spinning  and  twisting 
to  follow,  and  showing  the  production  on  40’s  counts — - 
per  week  of  55|  hours- — with  horse-power  required  for 
driving. 

Plate  XXXVI.  Plan  of  a  room  containing  a  double 
set  of  crossbred  drawing  with  necessary  spinning  and 
twisting. 


Machine. 

Diam.  of 
Driving  Pulleys. 

Speed  of 
Driving  Pulleys. 

Diam. 
of  Drum. 

Speed 
of  Shaft. 

Gills  .  . 

12 

200 

16 

150 

Drawing  . 

12 

200 

16 

150 

Finishers  . 

12 

200 

16 

150 

Rovers  .  . 

14 

170 

16 

150 

Spinners  . 

20 

540 

36 

300 

Twisting  . 

20 

540 

36 

300 
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Plate  XXXVII.  Plan  of  a  room  containing  a  double 
set  of  long  wool  gilling,  combing,  drawing,  and  spinning 
plant. 

Production  on  24’s  counts  5,200  lb.  per  week. 

Horse-power  required  for  drawing,  15  ;  for  spinning 
and  twisting,  110. 


Machine. 

Diam.  of 
Driving  Pulleys. 

Speed  of 
Driving  Pulleys. 

Diam. 
of  Drum. 

Speed 
of  Shaft. 

• 

Gills  .  . 

12 

200 

16 

150 

Drawing  . 

12 

200 

16 

150 

Finishing  . 

12 

200 

16 

150 

Roving .  . 

14 

170 

16 

150 

Spinning  . 

20 

340 

18 

300 

Twisting  . 

20 

450 

30 

300 


PLAN  OF  A  ROOP^S  CONTAINING  A  DOUBLE  SET 
WITH  NECESSARY  SPINNING  AND  T 


Spinning  production  on  36’s  =  3,800  lbs.  per  week  of  ■ 
„  ,,  40’s  =  3,460  lbs.  „ 

„  „  44’s  =  3,050  lbs.  „ 

PRINCE  SMITH  &  SON. 


A.  Three  32  spindle  Reducers,  6"  Pitch  C.  Nine  82-spindla  Rovers,  £ 

B.  Two  24-spindle  2nd  Finishers,  1\"  Pitch  D.  Eight  Cap  Spinning  Fran 

E.  Four  2-fold  Cap  Twisters,  3£"  Pitch 


H.P.  required  for  Driving  a  Double  Set  of  Botany  Draw 
H.P.  required  for  Spinning  and  Twisting— 110. 


Plate  XXXV. 


)F  BOTANY  DRAWING 
ISTING 

hours. 


3itch 

i  (200  Spindles),  3J"  Pitch 


g— 16. 

* 


Mfi  r  H  n ,  Ho  o  d.  &.Larkin^J  th.L  ondo  n-.W.  C 


PLAN  OF  A  ROOM 


APPf 


CONTAINING  A  DOUBLE  SET  OF  LONG-WOOL  GILLING,  COMBIf 
DRAWING  AND  SPINNING  PLANT. 

XIMATE  PRODUCTION  ON  24  s  COUNTS  5,200  lbs  PER  WEEK 

PRINCE  SMITH  &  SON 
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Plate  XXXVII 


Mai'fcm.Hoad  8cLarkinTLi.th,Lon4oLL,WC- 
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B 
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PLAN  OF  ROOM  CONTAINING  A  DOUBLE  SET  i 
WITH  NECESSARY  SPINNING  ANl 


PRODUCTION  ON  30  s  COUNTS  4,100  lbs 
PRINCE  SMITH  &  SON. 


Two  double-can  Gills  with  Revolving  Creels. 
Two  2-spindle  Gills. 

One  6-spindle  Drawing 

Three  8-spindle  Drawing  Frames. 


A  ■=  Six  8-spindle 
B  -  Six  30-spindle 
C  -  Twelve  Cap  S| 
D  =  Six  Ring  Twis 


H.P.  required  for  a  Double  Set  of  Cross-Bred  Drawing— 15;  and 


)F  CROSS-BRED  DRAWING 
)  TWISTING 

PER  WEEK. 


.. ... . .  . . . . , 


Mmmmv .  v . 

v-  -xx'\\\\wNNa'  ^  vXvN.y 


SN^ 




rinishers,  1\"  pitch. 

Dandy  Rovers,  6"  pttch. 
lindle  Frames,  180  spindles,  4"  pitch, 
ters,  180  spindles,  4"  pitch. 

or  Spinning  and  Twisting — 100. 


Plate  XXXVI 


Uan-in  HnnH  Hr  I  3-t'lri.n  1 .1  fh  I,  3  I ,  d  tl  T'l  WC 


)F  CROSS-BRED  DRAWING 
i  TWISTING 

PER  WEEK. 


B 


ROVE 


D 


R  1 


N 


D 


8  O 


:inishe.rs,  7^"  pitch. 

Dandy  Rovers,  6"  pitch, 
lindle  Frames,  180  spindles,  4"  pitch, 
ters,  180  spindles,  4"  pitch. 

or  Spinning  and  Twisting — 100. 


Plate  XXXVI 


Martin.  Hood  ScLarki-n.Lith.Londun.W  C 


CHAPTER  V 


YARN  STRUCTURE— FOLDED  AND  FANCY  TWIST 

THREADS 

89.  Woollen,  Worsted,  Cotton,  Flax,  and  Silk  Yarns — 90.  Lustre  of 
the  Worsted  Thread — 91.  Two  Methods  of  imparting  Twine: 
“  Openband  ”  and  “Crossband” — -92.  The  Effect  of  Twine  on 
Twills — 93.  Methods  of  applying  Yams  of  different  Twine  to 
Twilled  Weaves — 94.  Twine  in  Relation  to  Buckskin  and  Doeskin 
Cloths — 95.  Arrangement  of  Yarns  for  Angled  Stripes  and  Block 
Checks — 96.  Mechanical  Systems  of  Imparting  Twine — 97.  Fibrous 
Density  of  Yarn  Structure — 98.  Folded  Yarns— 99.  Two-fold 
Threads— 100.  Three-fold  Yarn — 101.  Fancy  twist  Yarns — 102. 
Cloud,  Knopped,  Curled,  and  Diamond  Twists. 

89.  Woollen ,  Worsted ,  Cotton ,  Flax,  and  Silk  Yarns. — 
The  character  and  general  appearance  of  a  woven  texture 
are  formed,  to  a  certain  extent,  by  the  mechanical  structure 
of  the  thread  used  in  its  production.  Woollen  and  worsted 
threads  have  been  shown  to  be  as  dissimilar  in  this  char¬ 
acteristic  as  it  is  possible  to  make  two  yarns  composed  of 
the  same  materials  and  spun  to  the  same  counts.  An 
intermingled  arrangement  of  fibres  constitutes  the  dis¬ 
tinctive  feature  of  the  woollen  yarn,  whereas  in  forming 
a  worsted  thread  the  aim  is  to  lay,  as  far  as  practicable, 
the  fibres  in  a  uniform  line  with  each  other  in  the  direction 
of  the  thread.  As  has  been  shown,  teazing,  scribbling,  and 
carding  all  tend  to  effect  a  complete  separation  and  re¬ 
blending  of  the  fibres  in  one  common  but  confused  order. 
Condensing  simply  consolidates  the  mixture  produced  in 
the  previous  operations,  and  transforms  it  into  a  series  of 
threadlike  slivers;  while  in  the  compound  operation  of 
spinning  the  mesh-like  condition  of  the  fibres  is  not  only 
increased,  but,  during  the  rapid  convolutions  of  the  slivers 
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occasioned  in  twisting,  more  permanently  and  firmly  se¬ 
cured.  In  producing  worsted  thread  there  is,  as  in  woollen 
yarn  manufacture,  one  simple  object  in  view;  but,  while 
in  the  case  of  the  woolien  or  carded  thread  a  perfect 
separation  and  readjustment  of  the  fibres  is  required, 
irrespective  of  any  particular  order,  or  of  the  length  and 
disposition  of  the  individual  filaments,  in  the  worsted, 
from  the  entrance  of  the  wool  into  the  gill-boxes  to  the 
spun  yarn,  the  fibres  are  not  only  arranged  in  one  parallel 
form,  but  those  that  are  too  curly,  too  short,  or  otherwise 
unfit  for  the  thread  being  produced,  are  cast  out  in  the 
combine;  machine  as  noil. 

The  system  on  which  a  woollen  thread  is  formed  may 
be  defined  as  that  of  separating  and  of  re-crossing  the 
fibres  of  the  material,  and  finally  of  twisting  the  indi¬ 
vidual  filaments  firmly  round  one  another  when  in  an 
entangled  state.  The  opposite  principle  of  construction 
obtains  in  worsted  yarn  making;  for,  throughout  the  pro¬ 
cesses  of  its  manufacture,  the  fibres  of  which  it  is  composed 
are  mechanically  arranged  according  to  one  regular  order 
of  parallelism,  producing  by  this  method  a  more  sym¬ 
metrical  thread  than  the  pure  woollen,  where  the  fibres 
project  from  the  main  body,  or  central  core,  of  the  yarn 
on  all  points  of  its  circumference. 

Another  feature  in  these  yarns  is  the  solid  and  compact 
centre  or  foundation  of  the  woollen  thread,  and  the  large 
number  of  fibres  of  which  it  is  composed  as  compared 
with  the  even  and  regularly  formed,  but  somewhat  open 
structure  of  the  worsted  thread  (a  and  c,  Fig.  119).  No 
doubt  this  important  difference  in  the  character  of  these 
two  representative  types  of  all-wool  yarns  arises  from 
the  short  or  curly  fibres  being  removed  in  the  combing 
process  when  preparing  for  the  purer  type  of  worsted; 
while,  on  the  other  hand,  if  the  material  is  for  woollen 
yarns,  all  classes  of  fibres  are  scribbled,  condensed,  and 
spun  together. 

Microscopically,  these  yarns  (a  and  c,Fig.  11 9)  also  differ 
very  materially  from  each  other  in  structure.  When  thus 


Fio.  119.  Specimens  of  Yarns. 

Yi  orated  Yarn.  B=  Linen  Yarn.  c  =  Woollen  Yarn.  u  =  Silk  Yarn.  E  =  Cotton  Yarn. 

F  — Artificial  Silk  Yarn.  G=  Jute  Yarn. 
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examined  the  woollen  thread  resembles  one  continuous 
mesh  of  entangled  fibres,  tightly  clustered  together,  es¬ 
pecially  in  the  heart  of  the  thread,  where  they  form  one 
solid  mass,  which  gradually  decreases  in  density  towards 
the  edges.  The  worsted  yarn  appears  comparatively  more 
regular  in  construction,  the  multiplicity  of  the  fibres  not 
being  so  large,  nor  are  the  fibres  so  compactly  twined 
round  each  other;  the  object  of  the  processes  of  manu¬ 
facture  in  this  instance  being  to  use  the  strongest, 
straightest,  and  longest  of  the  fibres,  and  also  to  arrange 
them,  as  far  as  possible,  in  parallel  lines.  A  cotton,  e,  Fig. 
119  (thick  counts  selected  to  show  structure),  as  com¬ 
pared  with  a  woollen  thread,  is  more  solid,  dense,  and 
possesses  a  less  developed  structural  character.  The  phy¬ 
sical  formation  of  the  wool  fibre,  and  its  elastic  property, 
cause  it  to  offer  stronger  resistance  to  the  processes  of 
spinning  than  the  cotton  fibre.  Comparing  the  two  threads, 
the  one  is  solid  and  compact,  with  little  extraneous  fila¬ 
ment,  but  the  other  (woollen)  has  a  rough  surface  encircled 
with  a  mass  of  curly  filaments  intercrossed  in  a  medley 
of  ways.  Silk,  and  artificial  silk,  d  and  e,  Fig.  119,  are 
characterized  by  unique  smoothness  and  softness.  The 
latter  quality  is  changeable  by  the  degree  of  twine  im¬ 
parted  in  throwing  and  doubling,  but  it  always  remains  a 
distinguishable  feature  of  the  thread.  Linen,  b,  Fig.  119, 
possesses  hardness  and  evenness  of  structure.  There  is 
some  extraneous  filament,  but  the  yarn  is  straight  and 
regular,  the  fibres  having  the  appearance  of  being  combed 
and  levelled,  or  that  characteristic  developed  in  the  opera¬ 
tions  of  heckling  and  drawing.  The  comparatively  straight 
and  strong  fibrils  of  jute  are  clearly  noticeable  in  the  struct¬ 
ure  of  the  spun  yarn  made  from  this  material,  g,  Fig.  119.. 

90.  Lustre  of  the  Worsted  Thread.— The  superior  lustre 
which  the  worsted  possesses  when  contrasted  with  a 
carded  yarn  is  due  to  two  causes;  in  the  first  place,  a 
parallel  arrangement  of  fibres  admits  of  a  better  reflection 
of  light  than  if  crossed  at  every  possible  angle  with  one 
another,  as  in  the  construction  of  a  woollen  thread;  in  the 
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second  place,  the  degree  of  twist  necessary  in  order  to 
reduce  the  size  of  the  sliver  and  impart  the  required 
strength  and  elasticity  to  a  woollen  yarn  detracts  from 
the  reflective  power  of  the  individual  fibres  of  which  the 
yarn  is  composed.  Threads  possessing  such  different  char¬ 
acteristics  as  these  two  standard  “wool”  yarns  are  not 
manufacturable  into  the  same  classes  of  textiles.  Com¬ 
pare,  for  instance,  the  nature  and  properties  of  a  superfine 
doeskin  with  those  of  a  fine  worsted  coating  of  a  twilled 
pattern.  The  qualities  of  lustre,  softness  of  handle,  and 
fineness  of  texture  are  common  to  both  these  fabrics  ;  but 
if  the  pile  or  hap  raised  on  the  face  of  the  doeskin  be  not 
removed  either  by  friction  or  singeing,  the  interlacings  of 
the  threads  are  concealed,  causing  the  cloth  to  appear 
more  like  the  result  of  felting  wool  than  of  crossing  threads 
of  warp  and  weft.  In  the  worsted  texture,  although  the 
actual  scheme  of  weaving  may  not  be  traceable,  yet 
“  weave  ”  effect  is  a  distinguishing  feature  of  the  surface 
of  the  fabric  mode  of  interlacing  the  threads.  This  char¬ 
acteristic  is  clearly  noticeable  in  a  microscopic  examina¬ 
tion  of  the  fabrics  from  the  respective  yarns— specimens 
a  to  d,  Plate  XXXVIII.  Fabrics  a  and  b  (plain  woven), 
and  c  and  d  (twilled  mat  woven),  are  made  of  the  same 
class  and  quality  of  wool  and  of  yarns  identical  in  counts 
or  thickness ;  but  b  and  d  consist  of  yarns  produced  by  the 
operations  of  carding,  condensing,  and  mule  spinning,  and 
a  and  c  by  the  operations  of  carding,  combing,  drawing, 
and  frame  spinning.  First  note  the  difference  between 
the  plain  weave  textures  a  and  b;  the  worsted  (a)  is 
clearer  on  the  surface,  though  treated  in  the  same  manner 
as  the  woollen  in  finishing,  the  fibres  of  the  threads, 
whether  warp  or  weft,  being  more  regularly  twisted,  and 
straighten  in  arrangement.  The  same  characteristics  are 
present  in  the  twilled-mat  fabrics  c  and  d,  but  if  any¬ 
thing  more  marked.  Both  examples  are  in  cross-bred 
wools,  but  had  Saxony  yarns  been  used  for  the  woollen, 
and  Botany  yarns  for  the  worsted,  the  contrast  would 
have  been  equally  pronounced  and  distinct. 
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The  utility  of  these  microscopic  illustrations  consists  in 
the  well-defined  dissections  they  afford  of  the  yarn  and 
fabric  structures.  That  the  worsted  should  be  clearer, 
brighter,  and  smarter  than  the  woollen  is  understood,  but 
that  the  difference  should  be  so  marked  as  between  a  and 
b,  and  c  and  d,  Plate  XXXVIII,  is  not  so  apparent  from  an 
ordinary  examination  of  the  fabrics.  The  method  of  fibre 
grouping  practised  in  yarn  manufacture  is  distinctly 
developed.  No  theoretical  explanation  is  needed  of  the 
cause  of  the  woollen  thread  of  a  given  diameter  possessing 
a  higher  percentage  of  fibre  than  the  worsted.  It  is  clearly 
traceable  in  these  magnified  textures ;  and,  also,  how 


such  fibres  affect  the  density,  closeness,  and  aspect  of  the 
woollen  fabric.  On  the  other  hand,  the  features  of  the 
worsted  yarn,  and  their  influence  on  the  character  of  the 
texture  are  apparent  in  the  emphasis  they  impart  to  the 
interlacings  of  the  weave  construction. 

91.  Two  Methods  of  Imparting  Twine:  “  Openband"  and 
“  CrossbandT — All  yarns  used  for  weaving  purposes, 
whether  made  on  the  woollen,  worsted,  or  cotton  systems, 
provided  the  material  employed  in  their  manufacture  is 
of  a  fibrous  character,  and  has  to  be  submitted  to  the  pro¬ 
cess  of  spinning  before  it  assumes  the  form  of  a  weavable 
thread,  may  be  divided  into  two  classes — namely,  openband 
(right  hand)  and  crossband  (left  hand)  twine.  Here,  as  a 


Plate  XXXVIII 


C  D 

PHOTO-MICROGRAPHS  OP  WOOLLEN  AND  WORSTED  CROSS-BRED  FABRICS. 


A.  Worsted  Texture  (plain  weave). 

C.  Worsted  Texture  (twill  derivative). 


S 


B.  Woollen  Texture  (plain  weave). 

D.  Woollen  Texture  (twill  derivative). 
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imple  experiment  will  show,  there  are  two  distinct  methods 
ot  imparting  twist  to  the  attenuated  sliver  of  the  condenser 
or  roving  of  the  roving  frame.  Suppose,  for  example,  a 
number  ot  wool  fibres,  which  had  previously  been  reduced 
into  a  compact  thread-like  condition,  were  about  to  be 
twisted  together  by  hand ;  in  order  to  accomplish  this,  one 
end  of  the  thick  fibrous  thread  would  be  held  in  a  fixed 
position  between  the  forefinger  and  thumb  of  the  left  hand, 
while  the  right  hand  would  impart  twist  to  the  fibres,. 


Fig.  121.  Right-hand  and  Left-hand  Twist,  or  Open-  and  Crosshand 

Twist  or  Twine. 

causing  them  to  twine  round  each  other  from  left  to  right,, 
and  forming,  in  so  doing,  an  openband  thread,  b,  Figs.  120 
and  121.  To  produce  the  opposite  kind  of  twine,  thread  a, 
crossband ,  it  would  only  be  necessary  to  reverse  the 
movement  of  the  right  hand,  and  thus  cause  the  fibres 
during  the  imparting  of  twist  into  the  sliver  to  traverse 
from  right  to  left.  In  making  this,  or  a  similar  experi¬ 
ment,  the  left  hand  corresponds  to  the  wooden  frame,, 
which  was,  in  Hargreave’s  machines,  substituted  for  the 
hands  of  the  spinner,  or  to  the  drawing-off  rollers  of  the 
spinning  frame  in  present  use;  for  these  grip  the  thick 
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thread  while  the  spindles  give  the  necessary  twine,  the 
direction  in  which  the  latter  revolve,  like  the  motions  of 
the  right  hand,  determining  the  character  of  the  twist  of 
the  spun  thread. 

The  terms  applied  to  these  twists,  “openband”  and 
“  crossband,”  originated  when  the  distaff  was  used  for  pre¬ 
paring  yarns  for  the  loom.  If  the  cord,  which  passed  round 
the  wheel  and  also  the  wharl  of  the  spindle,  were  crossed, 
it  produced  a  crossband  yarn:  but,  if  the  cord  were  open, 
or  merely  wrapped  round  the  wheel  and  the  spindle  with¬ 
out  being  crossed,  the  thread  formed  would  be  openband , 
or  twisted  from  left  to  right. 

92.  The  Effect  of  Twine  on  Twills. — The  method  of 
imparting  twist  to  the  thread  alters  the  effect  of  the  design 
in  the  woven  fabric.  If  two  fabrics  were  made  of  the  same 
blend  of  materials,  counts,  and  colour  of  yarns,  and  also  of 
plan  of  weave,  this  difference  in  the  structure  of  the  threads 
would  be  sufficient  to  produce  two  styles  of  pattern ;  the 
yarns,  whether  twisted  to  the  right  or  to  the  left ,  produc¬ 
ing  typical  effects  in  'the  respective  fabrics.  A  difference 
of  this  kind  is  more  perceptible  in  woollens  and  worsteds 
than  in  other  classes  of  textiles,  and,  if  anything,  more 
distinctly  marked  in  the  use  of  woollen  than  in  the  use  of 
worsted  threads.  Worsted  as  well  as  woollen  fabrics  are, 
however,  produced  in  which  the  pattern  is  obtained  by 
the  use  of  right  and  left  spun  yarns  in  both  warp  and  weft. 
Patterns  developed  by  such  threads  may  be  piece-dye  and 
woven  in  common  twills,  and  yet  the  stripe  or  check  effect 
due  to  the  combination  of  these  two  types  of  spinning  is 
distinctly  seen  in  certain  lights ;  so  that  the  textures  appear 
to  be  woven  of  two  shades  of  yarn,  or,  at  least,  of  lustrous 
and  non-lustrous  materials. 

The  special  character  of  the  effect  of  using  openband 
and  crossband  yarns  in  the  warp  of  the  fabric,  may  be 
shown  by  considering  their  application  to  “  angled  ”  stripes. 
Fig.  122  is  a  sketch  of  a  style  of  this  order,  or  of  a  double¬ 
sided  twill  pattern.  It  might  be  supposed  that  as  the  weave 
in  both  sections  of  this  stripe  is  the  same,  only  moving 
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in  opposite  directions,  that  it  would  be  equally  effective 
whether  twilling  to  the  right  or  to  the  left,  in  the  woven 
sample.  But  on  examining  the  separate  stripes,  a  and  B, 
in  the  texture,  a  marked  difference  is  seen  between  them, 
apparently  arising  from  a  variation  in  the  crossing  of  the 
threads.  In  oiie  stripe,  a,  the  twill  of  the  weave  is  clearly 
developed,  but  in  stripe  b  it  is  less  distinct,  and  less  decided 
in  character.  Thus  if  the  warp  yarn  used  in  weaving  were 
crossband  twist,  the  twill,  when  moving  to  the  right,  as  in 
Section  a,  would  be  more  fully  developed  than  when 
moving  to  the  left  hand,  as  in  Section  b.  This  implies  that 
if  the  twine  in  the  yarn  opposes  the  direction  of  the  twill, 
the  weave  effect  will  be  well  defined ;  and  if  the  twine  in 


B  A 

Fig.  122. 


the  yarn  and  the  twill  move  in  one  and  the  same  direction, 
the  effect  of  the  weave  will  be  dull  and  undecided.  There¬ 
fore,  the  cause  of  the  difference  in  the  two  divisions  of  an 
angled  stripe  is  quite  apparent;  for  in  Section  a  of  the 
pattern  in  Fig.  122,  the  twill  opposes  the  twine  in  the 
yarn ;  whereas  in  Section  b  the  direction  of  the  twill  corre¬ 
sponds  with  the  direction  in  which  twine  is  imparted  to 
the  thread,  but  with  a  similar  percentage  of  warp  on  the 
surface  of  the  fabric  in  b  as  in  a. 

93.  Methods  of  applying  Yarns  of  different  Twine  to 
Twilled  Weaves. — The  following  are  the  three  methods  of 
altering  the  effect  of  a  twilled  weave  by  a  suitable 
application  of  openband  and  crossband  threads : 

(1)  If  the  twine  of  the  fibres  in  the  yarns  opposes  the 
twill  of  the  weave,  the  latter  will  be  well  defined  in  the 
woven  texture. 


262 


WOOLLEN  AND  WORSTED 


(2)  If  the  twine  of  the  fibres  in  the  yarns  run  in  the 
same  direction  as  the  twill,  the  effect  of  the  weave  will 
he  subdued. 

(3)  If  the  warp  contains  both  classes  of  yarns,  arranged 
thread  and  thread  alternately,  the  twine  in  the  respective 
yarns  will  neither  assist  to  develop,  nor  yet  to  detract 
from,  the  effect  of  the  weave  or  design. 

94.  Twine  in  Relation  to  Buckskin  and  Doeskin  Cloths. — 
In  making  a  buckskin  cloth  in  which  a  clear  decided  twill 
is  essential,  the  twisting  of  the  fibres  in  the  warp  threads 
should  be  the  reverse  of  the  direction  of  the  twill  in  the 
weave.  The  warp,  and  not  the  weft,  is  specified,  because 
in  such  cloths  the  warp  threads  appear  in  a  larger  propor¬ 
tion  on  the  face — the  buckskin  weave,  Fig.  123,  giving 


Fig.  123.  Fig.  124. 


a  ivarp  twill,  or  an  effect  similar  to  Fig.  124.  The  relation 
of  the  twine  in  the  warp  and  weft  threads  to  the  twill  in 
the  weave  in  making  such  a  fabric  is  shown  in  Fig.  120, 
in  which  c  is  the  warp  yarn  twisted  from  right  to  left ; 
d  the  weft  thread  twisted  in  the  opposite  direction ;  and 
t  t1  the  twill  running  from  left  to  right,  or  the  reverse 
of  the  twine  in  the  warp.  This  gives  the  definite  and 
pronounced  weave  effect  in  buckskin  and  whipcord  cloths 
(Section  A,  Fig.  122,  and  Fig.  124).  In  making  doeskin 
and  similar  fabrics,  in  which  the  object  is  to  obtain  a  soft, 
smooth  face,  the  fibres  of  the  warp  yarns  are  twined  round 
each  other  in  the  same  direction  as  the  twill  moves  in 
weaving,  thus  obviating  a  clear  or  precise  development  of 
the  twilled  characteristic. 

95.  Arrangement  of  Yarns  for  Angled  Stripes  and  Block 
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Check  Styles. — The  twill  in  both  sections  of  an  angled 
design,  or  herring-bone,  may  be  made  equally  decided  in 


Fig.  125. 


appearance  in  two  ways :  first,  by  arranging  the  yarns  one 
thread  crossband  and  one  thread  openband  alternately ; 


40  Threads.  4-0  Threads. 

Fig.  126. 


and,  second,  by  arranging  for  the  twine  in  the  yarn  to 
oppose  the  twill  in  both  sections  of  the  pattern.  The 
former  method  would  develop  the  weaves  to  the  same 
degree  in  each  section,  and  is  very  seldom  practised.  By 
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the  latter  method  the  warp  yarns  for  a  pattern  similar  to 
that  shown  in  Fig.  122  would  be  grouped  as  follows: 

40  threads  of  crossband  yarn  for  section  a. 

,,  „  openband  ,,  ,,  b. 

Such  an  arrangement  of  threads  would  cause  the  weave 
to  be  well  pronounced  in  character  in  each  stripe. 

To  acquire  equal  definition  of  the  twills  in  block  check 
patterns  (e.g.  Fig.  125)  the  twine  of  the  warp  and  the  weft 
yarns  must  be  considered.  If  in  this  design,  Fig.  126, 
the  warp  were  right-hand  twine,  and  the  weft  left-hand 
twine,  then  in  Sections  a  the  warp  twills  would  be  clearly 
developed,  in  Sections  b  the  weft  twills,  that  is  approxim¬ 
ately  balanced. 

96.  Mechanical  Systems  of  Imparting  Twine  ( see  Plate 
XXXI. X). — -The  fundamental  structure  of  the  yarn  is 
determined  by  the  operations  prior  to  spinning,  yet  its 
structure  is  modified  by  the  method  of  imparting  twine. 
Spinning,  as  understood,  adds  the  essential  twist  to  change 
a  thread  of  loose  fibrous  units  into  one  possessing  compact¬ 
ness  and  strength,  but  does  not  necessarily  result  in  any 
radical  variation  in  the  arrangement  of  the  fibres.  It  does, 
however,  control  or  influence  the  regularity,  smoothness, 
and  density  of  thread  structure.  The  four  systems  on 
which  twisting  of  the  fibres  is  developed  in  spinning  and 
the  characteristic  features  given  to  the  yarn  by  each  are 
as  follows :  1 

(1)  That  common  to  spinning  on  the  distaff  and  applied 
to  the  flyer  frame,  where  the  roving  or  slubbing  is  twisted 
round  a  part  of  the  flyer,  and  passes  on  to  the  bobbin,  the 
speed  of  the  flyer  being  greater  than  that  of  the  bobbin, 
and  the  amount  of  twine  inserted  being  the  difference  be¬ 
tween  the  two,  and  forming  a  yarn  having  a  smooth,  uni¬ 
form  surface. 

(2)  In  which  the  yarn  revolves  round  the  rim  of  a 

1  To  make  the  plioto-micrographic  reproductions  illustrative  and 
suggestive  of  each  principle  of  imparting  twine  into  the  thread  in 
spinning,  yarns  have  been  selected  typical  of  both  the  woollen  and 
worsted  schemes  of  manufacture. 


Plate  XXXIX 
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metal  cap  (Figs.  114,  114a)  as  it  passes  on  to  the  bobbin, 
the  latter  controlling  both  the  twist  and  the  winding,  a 
system  which  tends  to  produce  a  yarn  possessing  extraneous 
fibre  (Specimens  d  and  e). 

(3)  The  ring  system,  in  which  the  thread  passes  under 
a  ring  or  “  traveller  ”  revolving  round  a  rim  in  the  centre 
of  which  turns  the  bobbin  controlling  the  twist.  This 
effects  an  even  distribution  of  the  fibres  in  twisting  with 
a  small  amount  of  friction  (Specimen  c). 

(4)  Spinning  on  the  self-actor  and  spindle  drafting.  As 
twisting  transpires,  the  long  and  curly  fibres  are  bound 


A  B  c 

Fig.  127. 


together  with  the  shorter  filaments,  and  more  or  less 
irregularly  distributed  in  the  circumference  of  the  yarn 
(Specimens  a  and  b). 

(5)  Also  spinning  on  the  self-actor  but  roller  drafting, 
the  principal  displacement  of  the  fibres  being  in  the  direc¬ 
tion  of  their  length,  and  yielding  a  yarn  of  regular  and 
comparatively  smooth  construction  (Specimen  f). 

97.  Fibrous  density  of  Yarn  Structure. — Fibrous  density 
or  compactness  varies  in  each  system  of  yarn  production, 
and  is  not  dependent  upon  a  definite  routine  of  preparation 
of  the  material  nor  any  particular  process  of  spinning.  It 
is  a  cjuality  in  yarns  producible  by  (1)  the  fineness  of  the 
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fibres;  and  (2)  the  degree  of  twist.  Yarns  may  be  of  the 
same  counts  and  materials  but  of  different  density.  The 
closer  the  fibres  are  encircled  in  spinning,  the  more  com¬ 
pact  and  consolidated  the  thread;  and  in  manufacturing, 
the  degree  of  twine,  producing  this  characteristic,  is  suited 
to  the  application  of  the  yarn  and  the  kind  of  fabric  to  be 
constructed.  A  comparison  of  yarns  of  similar  thickness — 
e.g .,  30  yards  per  dram — but  varying  in  density  due  to  a 
difference  in  the  number  of  turns  inserted  to  the  inch,  will 
make  these  points  clearer.  The  yarns  (Fig.  127,  a,  b,  and  c) 


Fig.  128. 


are  apparently  of  dissimilar  diameters,  the  looser  spun,  a, 
being  the  larger;  then  the  medium  spun,  b ;  and  the  finest 
thread,  c,  containing  the  highest  number  of  turns  in  a 
given  length.  Consisting  of  the  same  counts,  it  follows 
that  as  a  similar  length  of  a,  b,  and  c  would  be  of  the 
same  weight,  a  like  number  of  each  would,  mathematically 
considered,  cover  an  inch.  But  the  threads  are  obviously 
of  different  thicknesses  and  also  of  degrees  of  fibrous 
density.  Two  fabrics,  one  made  of  yarn  c,  and  a  second 
made  of  yarn  a,  having  the  same  number  of  threads  and 
picks  per  inch,  and,  therefore,  of  corresponding  weights, 
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being  identical  in  counts,  would  possess  distinct  qualities. 
The  former  would  be  clear  in  structure,  comparatively 
firm  and  hard  in  the  handle,  and  the  latter  soft,  pliable, 
and  adapted  for  varied  routine  in  milling  and  finishing. 

98.  Folded  Yarns. — The  term  is  applied  to  compound 
threads,  or  yarns  composed  of  two  or  several  separate 
threads  twisted  into  one.  The  simplest  form  of  folding 
changes  the  structure  of  the  yarn  and  also  of  the  fabric  in 
which  the  yarn  may  be  used.  For  example,  a  texture 
made  of  single  yarn — say  20’s  worsted — would  be  quite 


Fig.  128a. 


different  in  character  from  a  texture  made  of  two-fold 
40’s  yarn.  Both  yarns  are  similar  in  diameter,  but  the 
single-yarn  texture  as  compared  with  the  two-fold  yarn 
texture  would  be  wanting  in  clearness  of  weave,  firmness 
and  elasticity  of  construction. 

When  folded  yarns  are  formed  of  threads  of  distinct 
degrees  of  twine  and  different  in  direction  of  twist,  many 
variations  in  structure  are  practised.  Assume,  for  example, 
that  the  two  threads  to  be  combined  are  (a)  left  and  (b)  right- 
hand  twine  of  a  medium  degree  of  hardness,  and  that  they 
are  folded  or  doubled  soft  twine  right-hand  twist ;  this 
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would  have  the  effect  of  increasing  thread  ( b )  to  hard 
twine  but  of  eliminating  a  portion  of  the  twine  in  (a) 
making  it  soft  spun ;  or  giving  a  compound  thread  con¬ 
sisting  of  a  hard  spun  yarn  twisted  with  a  soft  spun  yarn  ; 
showing  how  yarn  structure  is  variable  by  the  process  of 
folding;. 

Examples  in  Folded  Yarns 

In  the  following  specimens  in  folded  yarns,  H  =  hard  spun;  M  = 
medium  spun;  and  S  =  soft  spun.  The  sign  /  -  right-hand,  and  the 
sign  \  =  left-hand  twine. 


Fig.  129. 


99.  Two-fold  Threads. — A  few  typical  examples  in  two¬ 
fold  yarns  will,  in  the  first  place,  be  considered,  combining 
in  each  instance  threads  of  30  and  20  yards  per  dram.  In 
the  30’ s  H  =  23  turns,  M  =  14^,  and  S  =  8|-  turns  per  inch; 
and  in  the  20\s  II  =  15  turns,  M  =  11,  and  S  =  turns  per 
inch. 


Example  I  (Fig.  128). 

30’s  M  \  and  20’s  S  /  folded  H  \  =  30’s  M  \  +  H  \  and 
20’s  S  /  +  Ii  \  ;  or  very  hard  spun  30’s  twisted  with  a 
medium  spun  20’s  both  left  hand  twist. 
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Examining  the  folded  yarn,  the  hard  spun  formation  of 
the  30’s  is  seen.  The  effect  of  reversing  the  twine  of  the 
20’s  in  the  folding  process  is  marked  in  the  corrugated  or 
undulated  circumference  of  the  compound  yarn  resultant. 
It  is  an  example  in  folding  yarns  of  reverse  twists  and 
making  them  both  of  the  same  direction  of  twine,  but  in  the 
doubled  yarn  the  finer  thread  (30’s)  is  some  degrees  harder 
in  twist  than  the  coarser  thread  (20’s). 


Fig.  130. 


Example  II  (Fig.  128a,  Woollen  Counts). 

30’s  M  \  with  20’s  S  /  ,  folded  S  \  =  a  compound  yarn  of 
30  H  \  and  20’s  nil. 

This  is  an  interesting  combination  giving  the  effect  of 

o  o  C> 

removing  the  twine  from  one  of  original  yarns  in  folding. 
Fig.  128a  therefore  consists  of  a  thread  of  30’s  H  \  encircled 
by  loose  fibres  of  the  20’s  yarn,  which  are  bound  into  the 
doubled  thread  by  the  evolutions  of  the  hard  spun  yarn 
with  which  they  are  twisted.  In  Fig.  128  the  twine  (S  /  ) 
in  doubling  is  taken  out  of  the  20’s  and  converted  into 
S  \  ;  and  in  Fig.  128a  such  twine  (S  /  )  is  without  any 
additional  twist  being  inserted. 
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Example  III  (Fig.  129,  Woollen  Counts). 

30’s  M  \  with  20’s  M  /  ,  folded  S  \  =  a  compound  yarn 
of  30’s  II  \  and  20’s  S  /  . 

Here  the  characteristic  twist  of  the  two  threads  is  dis¬ 
tinguishable.  Note  the  compactness  of  fibres  in  the  30’s 
and  the  fluffy  fibrous  exterior  of  the  compound  yarn 
partially  due  to  the  reversal  in  the  folding  process  of  the 
20\s  thread. 


(c)  {b)  (a) 

Fig.  131. 


Example  IV  (Fig.  130,  Woollen  Counts). 

30’s  M  \  with  20’s  H  /  ,  folded  S  \  =  a  compound  yarn  of 
30’s  H  \  and  20’s  M  \  . 

The  two  threads  in  the  folded  yarn  approach  each  other 
in  degree  of  twine,  but,  as  seen  in  the  photo-micrograph 
specimens,  they  are  the  reverse  of  each  other  in  the 
direction  of  the  twist. 

The  examples  examined  have  been  of  two  counts  of 
woollen  yarns;  the  following  typical  varieties  will  now  be 
referred  to : 
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V.  Composed  of  two  Botany  worsted  threads. 

VI.  ,,  ,,  ,,  crossbred  ,,  ,, 

VII.  ,,  ,,  woollen  and  silk  ,, 

VIII.  ,,  ,,  woollen,  worsted, and  silk  ,, 

Example  V  (Fig.  131,  Worsted  Counts,  Botany 
quality). 

60’s  M  /  with  60’s  M  /  ,  folded  S  \  M  \  and  H  \  .  This 
illustrates  the  effect  of  folding  together  two  yarns  of  the 


(/)  (e)  (cl) 


Fig.  132. 


same  twine  and  of  reversing  the  twist.  Specimen  (a)  S  \  ; 
(b)  M  x  ;  and  (c)  H  x  ,  is  the  most  satisfactory  compound 
thread.  The  decrease  in  the  apparent  diameter  of  the  re¬ 
spective  yarns,  (a),  (6),  and  (c),  is  caused  by  the  increase 
of  turns  per  inch  in  folding. 


Example  VI  (Fig.  132,  Worsted  Counts,  Cross¬ 
bred  quality). 

Fig.  132,  (d),  («),  (/). 

Thread  (cl)  20’s  M  /  with  40’s  M  /  folded  M  \  crossbred. 
„  (e)  30’s  M  /  Avith  30’s  M  /  ,,  M  \  ,, 

,,  (/)  40’s  M  /  with  40’s  M  /  ,,  H  \ 


•n 
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The  rougher  quality  of  the  material  as  compared  with 
that  of  the  Botany  yarns  (Fig.  131)  is  a  modifying  element, 
so  that  the  process  of  folding  produces  yarns  of  a  more 
marked  structure. 

Example  VII  (Fig.  133,  s1  and  s'2). 

Both  these  folded  threads  are  made  of  30’s  woollen  and 
60/2  silk,  but  reversed  in  twine  in  folding,  reducing  the 
turns  per  inch  in  the  woollen  in  s2,  and  increasing  them 
in  s1,  hence  the  looser  structure  and  more  fibrous  surface 


Fig.  133. 

of  s2.  Note  the  greater  the  difference  in  the  qualities  of  the 
materials  in  the  yarn  combined,  the  more  distinct  the 
character  of  the  compound  thread. 

Example  VIII  (Fig.  134,  t1  and  t2). 

100.  Three-fold  Yarn. — This  is  a  three-fold  thread  com¬ 
posed  of  30’s  woollen,  2/60’s  Botany,  and  60’s/2  silk.  In 
t1  the  folding  has  diminished  the  degree  of  twine,  but  in 
t2  increased  it  in  both  the  woollen  and  worsted  threads, 
subduing  in  the  former  and  retaining  in  the  latter,  the 
distinctive  characteristics  of  the  yarns  combined.  The 
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woollen  thread,  in  particular,  develops  more  extraneous 
fibre  in  t1  than  t2.  Clearly,  though  the  types  of  threads 
united  may  be  the  same  in  counts  as  in  these  three-ply 
yarns,  the  relation  of  twist  produced  in  folding  to  relation 
of  twist  produced  in  spinning,  modifies  the  structure  and 
quality  of  the  compound  yarns.  This  rule  applies  to  two, 
three,  and  several-fold  threads.  ■ 

101.  Fancy  Twist  Yarns. — Folding  or  doubling  has 
been  considered  in  relation  to  («)  yarns  of  the  same  counts 


Fig.  134. 

and  materials  ;  ( b )  of  different  counts,  materials,  or  both ; 
and  ( c )  the  direction  of  the  twine  in  folding  to  the  direc¬ 
tion  of  the  twine  developed  in  spinning.  The  use  of  coloured 
yarns  in  twisting  has  now  to  be  considered.  A  fancy  twist 
is  a  yarn  composed  of  two  or  more  threads  of  distinct 
colours  with  the  units  of  colour  alternating  throughout  its 
length.  The  normal  intensity  of  each  colour  does  not 
suffer,  but  undergoes  the  change  in  tone  due  to  placing 
two  or  more  colours  in  juxtaposition  :  a  feature  of  technical 
consequence,  because  in  pattern  designing  the  colours  com¬ 
bined  may  form  harmonious  contrasts,  and  yet  the  inter- 

T 


274 


WOOLLEN  AND  WORSTED 


lacings  of  the  weave  be  insufficient  to  give  the  requisite 
mellowness  of  tone.  In  such  instances,  twist  yarns,  inter¬ 
rupting  the  continuity  of  lines  of  colour  in  the  fabric,  are 
employed. 

To  illustrate  the  qualities  and  features  of  patterns  ob¬ 
tained  by  using  twist  yarns  composed  of  two  or  more 
shades,  assume  two  woven  specimens :  one  made,  say, 
entirely  of  black  and  white  twist  threads,  and  the  other 
of  similar  shades,  but  the  yarns  single  in  structure.  In 
order  to  produce  as  striking  a  contrast  between  the  effect 
of  these  two  descriptions  of  threads  as  possible,  in  making 
the 'latter  cloth  two  ends  of  warp— -black  and  white — 
should  be  drawn  through  the  same  heald,  or  be  lifted  and 
depressed  together  as  though  they  formed  one  thread, 
thus  making  the  movements  of  the  two  yarns  equivalent 
to  that  of  one  compound  or  twist  thread,  which  they 
should,  when  thus  combined,  also  equal  in  size  or  thick¬ 
ness. 

A  black  and  a  white  thread  should  be  wound  together 
on  to  the  weft  bobbin,  and  then  woven  as  one  and  the  same 
yarn,  which,  in  combination  with  the  arrangement  of  yarns 
to  be  adopted  in  the  warp,  would  afford  every  facility  for 
making  the  pattern  resemble  that  produced  by  twist 
yarns.  But  what  is  the  result?  The  mixture  or  blend  of 
black  and  white  is  proportionately  balanced,  and  equally 
effective  in  both  fabrics ;  but  this  is  the  only  particular  in 
which  they  approach  each  other  in  style  or  general  appear¬ 
ance.  In  other  respects  they  are  as  different  from  each 
other  as  textures  made  of  distinct  shades.  For,  while 
the  effect  in  the  pattern  made  of  unfolded  threads  may  be 
described  as  consisting  of  lines  of  black  and  white,  of 
irregular  lengths,  running  longitudinally  and  transversely 
in  the  cloth,  the  surface  of  the  twist-yarn  fabric  is  a  blend 
of  indefinite  patches  of  black  and  Avhite,  the  broad  or  small 
effect  of  which  varies  according  to  the  amount  of  twine 
imparted  to  the  yarns  in  the  twisting  operation. 

102.  Cloud ,  Knopped,  Curled ,  and  Diamond  Twists. — 
Cloud  yarns  are  frequently  made  of  wool,  or  of  a  com- 
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bination  of  wool  and  silk,  but  they  and  other  materials  are 
also  produced  in  cotton.  The  construction  of  the  thread 
may  be  described  by  referring  to  b,  F  ig.  135.  A  feature  that 
will  at  once  be  noticed  is  the  unevenness  in  its  thickness 
or  circumference.  This  irregularity  in  size  is  probably  the 
main  cause  of  yarns  of  this  description  not  being  so 
generally  and  permanently  suitable  in  woollen  and  worsted 
fabrics  as  ordinary  twists.  The  variations  in  thickness  are 


Fig.  135. 

A  =  Two-ply  cloud.  c  =  Three-ply  gimp. 

B=  ,,  ,,  (thick  yarn).  D=  ,,  curl. 


obtained  by  an  intermittent  motion  applied  to  one  pair  of 
the  delivering  rollers  of  the  twisting  frame,  the  thick 
thread,  or  in  some  cases  the  condensed  sliver,  is  given  off 
in  this  manner,  while  the  small  thread  is  delivered  quite 
uniformly,  and  hence  the  irregularity  in  the  turns  per 
inch  in  these  yarns.  In  the  smallest  part  of  a  medium¬ 
sized  cloud  yarn,  corresponding  to  a,  Fig.  135,  there  may 
be  from  fifteen  to  twenty  turns  in  the  inch,  but  in  the 
thickest  part,  corresponding  to  b,  some  three  to  five  turns 
in  the  inch. 
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If  a  warp  were  made  of  cloud  twists  and  woven  in  a 
simple  twill  with  one  colour  of  weft,  the  pattern  would 
-consist  of  elongated  patches  or  spangles  of  colour  running 
length-ways  of  the  cloth;  but  if  the  same  warp  were 
afterwards  woven  with  cloud  twists,  similar  patches  of 
colour  would  be  produced  by  the  weft  yarn  across  the 
piece,  forming  an  irregular  check  pattern. 

The  gimp,  c,  and  the  curl  or  loop  yarn,  d,  Fig.  135, 
may  be  composed  of  either  two  or  three  colours.  The 
gimp  or  curl,  from  which  characteristic  the  yarns  are 


112  3 

Fig.  136. 


named,  is  the  result  of  twisting  a  fine  yarn  round  a  thicker 
one,  such  as  cotton  on  mohair  (running  slack  for  the  gimp, 
and  drawn  into  loops  for  the  curl),  and  then  adding  a 
third  yarn  (also  small  in  diameter)  by  reversing  the  twist. 
There  is  a  mechanical  contrivance  in  the  twisting  frame 
Avhich  at  regular  intervals  forms  the  curl  as  the  twist  is 
being  introduced  into  the  compound  thread. 

Further  illustrations  in  knop  and  diamond  twists  are 
given  in  Fig.  136.  No.  1  is  a  compound  of  two  threads — 
a  fine  black  yarn  and  a  soft  spun  white  yarn — the  knop 
being  formed  by  the  intermittent  delivery  of  the  latter. 
Figs.  137  and  137a  are  composed  of  three  threads — two  of 
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them  fine  in  counts,  and  the  third,  or  central,  thread  soft 
spun.  The  construction  of  such  yarns  is  effected  by,  first, 
twisting  a  small  and  a  thick  thread  together  in  the  same 
direction  as  the  original  twine ;  and,  second,  by  uniting 
this  folded  yarn  with  a  third  thread,  reversing  the  twine. 

The  patterns  obtainable  with  these  yarns  are  distin¬ 
guished  by  their  richness  of  detail.  An  intermingling  of 


Fig.  137. 


Fig.  137a. 


effects  is  acquired  which  is  not  possible  with  several 
shades  of  single  yarns. 

In  piece-dye  fabrics  the  thick  twist  thread  is  made  to 
form  stripe  or  check  patterns  as  required  on  a  ground  con¬ 
stituted  of  finer  or  smaller  yarns.  The  second  specimen, 
Fig.  137a,  shows  the  character  of  pattern  which  results 
when  two  or  more  fancy  threads  are  blended  together, 
such  as  two-ply  and  three-ply  of  different  counts  com¬ 
bined  with  single  yarns. 


CHAPTER  VI 


PRINCIPLES  OF  FABRIC  STRUCTURE:  FUNDAMENTAL 

WEAVES 

103.  Woven  and  Knitted  Fabrics — 104.  Wai-p  and  Weft — 105.  The 
Heald  Shafts — 106.  Plain  Weaving — 107.  Types  of  Woven  Fabrics 
— 108.  Design  or  Point  Paper — 109.  Relation  of  Weave  to  Fabric 
Structure— 110.  Points  in  Weave  Construction — 111.  Weave  and 
Pattern  Characteristics — 112.  Weave  in  Relation  to  Counts  of 
Yarns  and  Firmness  of  Fabric — 113.  Types  of  Weave — 114.  Twilled 
Weaves — 115.  Weave  “Move” — 116.  Warp  Twills:  Fancy  Twills — 
117.  Sateens — 118.  Mats  or  Hopsacks — 119.  Reverse  and  Small 
Check  Effects — 120.  Transposition  Weave  Base — 121.  Derivatives 
of  Simple  Weaves. 

103.  Woven  and  Knitted  Fabrics. — Figs.  138  and  139. 
Every  variety  of  woven  fabric,  whether  plain  or  figured, 
results  from  interlacing  two  distinct  series  of  threads  to¬ 
gether.  Thus  when  a  woven  fabric  is  analyzed,  it  consists 
of  two  classes  of  yarns :  those  extending  lengthways  and 
termed  collectively  ivarp,  chain ,  or  web ;  and,  second,  those 
extending  transversely,  and  designated  weft ,  woof]  abb1  or 
filling. 

Warp  and  weft — using  the  common  terms— are  the 
essentials  of  every  type  of  loom  production.  They  are  of 
equal  utility  in  weaving  a  plain  fabric  as  the  decorative 
tapestry  or  carpet.  Knitting  is  a  distinct  process  from 
weaving.  It  only  necessitates  the  use  of  one  series  of 
yarns  which  are  bound  over,  under  and  round  each  other 
in  a  prescribed  order,  determined  by  the  needles  employed, 
to  form  a  texture  without  the  crossing  of  threads  at 
right  angles  to  each  other,  and  which  is  the  distinctive 
characteristic  of  a  pure  woven  construction.  The  difference 
in  structure  is  marked  in  the  two  illustrations,  Figs.  138 
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and  139.  The  warp  and  weft  retain  their  separate  relation 
in  the  woven  fabric,  Fig.  139,  but  there  is  clearly  only  one 
set  of  yarns — warp — in  the  knitted  fabric,  Fig.  138,  inter- 


Fig.  138.  Knitted  Texture. 


A  B 


Fig.  139.  Plain-woven  Fabric  (Linen). 

laced  and  looped  together.  Dissection  emphasizes  the 
features  of  each  structure.  Either  the  warp  or  weft  yarns 
may  be  withdrawn,  one  by  one,  from  a  woven  cloth, 
leaving  the  series  of  yarns  not  disturbed,  but  the  removal 
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of  a  single  thread  from  a  knitted  cloth  results  in  its  being 
completely  unravelled.  Some  interesting  diversity  of  stitch 
and  effect  is  possible  in  knitted  textures,  but  a  greater 
diversity  is  attainable  in  fabric  structure  and  design  where 
two  classes  of  yarns  are  used  as  in  the  woven  production. 

104.  Warp  and  Weft. — The  warp  is  understood  to  com¬ 
prise  all  such  threads  grouped  or  arranged,  as  described 
in  Chap.  VII,  in  the  healds  and  sley  of  the  loom  previous 
to  the  commencement  of  the  operation  of  weaving.  When 
the  warp  is  mounted  in  the  loom,  the  various  threads  run 
parallel  to  each  other  at  equal  distances  apart,  and  are  as 
perfect  in  arrangement  and  as  complete  in  number  at  the 
beginning  as  at  the  end  of  the  piece.  TW  picks,  shots ,  or 
threads  of  weft  are,  on  the  contrary,  introduced  separately 
in  regular  succession  into  the  sheds  or  divisions  of  the 
warp,  and,  consequently,  they  increase  in  multiplicity  as 
the  texture  is  woven  and  wrapped  round  the  piece-beam 
of  the  loom.  The  weft  is  woven  or  interlaced  into  the 
warp ,  and  not  the  warp  into  the  weft.  The  warp  forms 
the  foundation  of  the  cloth,  or  comprises  those  threads 
which  are  intersected  by  the  picks  of  weft  during  the  pro¬ 
duction  of  the  fabric.  Weaving  may,  therefore,  be  defined 
as  the  art  of  interlacing  weft  threads  with  ivarp  threads; 
but  not  a  simple  crossing  of  the  weft  over  the  warp,  for 
such  an  arrangement,  instead  of  producing  a  texture,  would 
merely  result  in  the  formation  of  two  layers  of  threads 
one  above  the  other. 

105.  The  Heakl  Shafts  (Eig.  140). — Now,  in  order  to 
accomplish  this  object,  the  warp  is  subjected  to  certain 
mechanical  operations,  which  prepare  it  for  the  introduction 
or  crossing  of  the  weft  yarns.  The  elevation  and  depression 
of  the  healds,  into  which  the  warp  threads  are  drawn  or 
entered,  regulate  the  construction  of  the  fabric.  In  order 
to  prepare  the  warp  for  the  picks  of  the  filling  yarn,  certain 
shafts  are  lifted  and  others  depressed,  lifting  and  sinking 
those  threads  with  which  they  are  individually  charged. 
This  motion  causes  a  division,  or  shed  in  the  warp,  through 
which  a  pick  of  weft  is  passed  and  the  shafts  brought 
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simultaneously  to  their  normal  position.  Another  order 
of  shafts  is  next  raised  and  depressed  respectively,  form¬ 
ing  a  second  shed  for  the  reception  of  an  additional  pick 
of  weft,  which  is  conducted  across  the  warp  by  the 
shuttle,  and  in  this  manner  the  combination  of  the  warp 
and  weft  yarns  is  proceeded  with.  This  results  in  both 
warp  and  weft  threads  appearing  alternately  on  the  face 
and  under  sides  of  a  single-make  texture,  for  when  a  warp 
thread  is  depressed ,  a  weft  pick  will  flush  or  pass  over  it, 
but  when  a  warp  thread  is  lifted  a  weft  pick  will  flush  or 


H  =  Heald  Shafts.  w  =  Position  of  Warp,  or  Yarn  Beam.  s  =  Shed. 

Diagram  showing  the  position  of  the  healds  when  the  shed  is  open  or  the  warp 
threads  divided  for  the  reception  of  the  shuttle  containing  the  weft  yarn. 


pass  under  it.  It  is  this  interlacing  of  the  weft  threads 
which  binds  the  warp  threads — previously  hanging  loose 
— together,  forming  one  continuous  width  of  fabric. 

106.  Plain  Weaving. — The  order  in  which  the  yarns 
cross  each  other  in  textile  productions  is  shown  in  Fig. 
139,  which  is  an  enlargement  of  a  sample  of  plain- woven 
cloth.  An  examination  of  the  arrangement  of  the  threads 
indicates  that  there  are  only  four  different  movements 
of  the  yarn  in  the  whole  construction.  The  warp  is 
represented  by  threads  a  and  b,  and  the  weft  by  the 
picks  1  and  2.  The  weaver,  to  secure  this  result,  lifts 
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the  front  shaft,  h1,  Fig.  140,  which  contains  the  odd 
threads,  and  depresses  the  back  or  second  shaft,  h2,  which 
contains  the  even  threads;  by  this  means  the  warp  is 
divided  into  two  equal  parts,  and  into  the  opening  thus 
formed  a  shoot  of  weft  is  introduced.  The  second  shed , 
which  receives  another  pick,  is  obtained  by  reversing  the 
movement  of  the  heddles,  or  by  lifting  the  second  and 
depressing  the  first  shaft.  In  the  sectional  drawing, 
Fig.  140,  the  shafts  only  contain  four  healds  each,  and 
the  warp  eight  threads.  The  first  shaft,  h1,  carries  the 
first,  third,  fifth,  and  seventh  threads,  and  the  second 
shaft,  h2,  the  second,  fourth,  sixth,  and  eighth  threads. 
The  raising  of  the  front  shaft  and  lowering  of  the  back 
shaft  causes,  therefore,  half  of  the  warp  threads  to  be 
lifted,  and  half  of  them  to  be  drawn  down,  forming  the 
shed,  s,  for  the  passage  of  the  shuttle. 

Two  heald  shafts  only  admit  of  two  methods  of  inter¬ 
lacing  the  warp  and  the  weft  threads,  and  in  such  a 
mounting  the  weaver  is  limited  to  the  production  of 
woven  effects  with  either  the  even  threads  up  and  the 
odd  threads  down,  or  vice  versa.  The  texture  could,  how¬ 
ever,  be  varied  in  appearance  by  entering  two  or  three 
picks  of  weft  into  one  shed,  which  would  produce  a  kind 
of  rep,  or  warp  cord,  varying  in  size  or  width  according 
to  the  number  of  shoots  inserted  into  one  division  of  the 
warp.  This  is  a  summary  of  the  movements  of  the  shafts, 
and  also  of  the  threads  and  picks  in  plain  weaving, 
showing  that  when  pick  1  of  Fig.  139  enters  the  warp,  it 
passes  under  the  threads  lettered  a,  and  over  the  threads 
lettered  b,  but  when  the  second  pick  enters  the  warp,  it 
flushes  over  the  threads,  a,  and  under  the  threads,  b, 
resulting  in  the  production  of  the  fastest,  firmest,  weavable 
fabric. 

107.  Types  of  Woven  Fabrics. — All  woven  fabrics  may 
be  grouped  into  three  principal  classes,  namely : 

I.  Fabrics  in  which  the  warp  threads  are  parallel  to 
each  other — the  Ordinary  Type. 
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II.  Fabrics  in  which  certain  warp  threads  twist  or  twine 
(technically  cloupe)  round  adjacent  threads — the 
Leno  and  Gauze  Type. 

III.  Fabrics  in  which  a  special  warp  or  weft  is  used  to 
form  a  pile  or  shag  of  fibres  on  one  or  both 
surfaces — the  Plush  or  Pile  Type. 

Only  the  first  type  will  be  fully  considered,  being  the 
one  which  mainly  enters  into  the  manufacture  of  woollens 
and  worsteds,  but  types  II  and  III  may  be  briefly 
described. 

Each  type  is  capable  of  various  sub-divisions,  but  in 
this  connection  it  is  only  important  to  analyze  closely 
Type  I — which  enters  into  the  manufacture  of  all  classes 
of  woollens  and  worsteds — and  to  define  briefly  Types  II 

and  III. 
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'Patterns  due  to  the  Method  of  arranging 
Yarns  of  different  Colours  in  the 
Warp,  Weft,  or  Warp  and  Weft,  but 
,  in  Single  Weaves.  *■*' 

Patterns  due  to  the  Method  of  arranging 
Yarns  of  different  Colours  in  the 
Warp,  Weft,  or  Warp  and  Weft,  but 
in  Compound  Weave  Designs.  Each 
class  comprises  the  following: 

(a)  Stripes. 

(b)  Checks. 

(c)  Small  effects. 


Type  II.  As  seen  from  the  gauze  specimen  in  Fig.  141, 
this  is  a  texture  in  which  there  are  Avell-definecl  inter¬ 
stices  between  the  interlacings  of  the  yarns.  The  warp 
threads,  a  and  b,  doupe  or  twist  round  each  other,  being 
drawn  out  of  a  parallel  relation.  Pick  1  passes  over 
threads  a,  securing  them  to  the  left  of  b,  and  pick  2  passes 
over  threads  a,  securing  them  to  the  right  of  threads  b. 
Threads  a  are  always  under  the  picks,  and  threads  b  are 
always  over  the  picks — it  is  therefore  the  twisting  or 
douping  of  the  threads  which  results  in  the  construction 
of  the  fabric,  and  not  an  alternate  interlacing  of  the  warp 
and  weft,  as  in  Fig.  139. 
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Worsted  yarns  are  used  in  the  making  of  gauze  fabrics 
for  dress  materials,  but  woollen  yarns,  unless  bard  spun, 
are  unsuitable  for  this  style  of  weaving,  which  is  prin¬ 
cipally  applicable  to  silk,  linen,  and  cotton  manufactures. 

Type  III.  These  textures  are  necessarily  compound 
in  structure.  That  is  to  say,  if  the  pile  or  plush  is  formed 
in  the  warp,  two  sets  of  warp  yarns — one  for  the  ground 
or  foundation  of  fabric,  and  one  for  the  pile  surface — are 
necessary.  On  the  other  hand,  should  the  pile  be  a  weft 


o 


1 


o 


1 


A  P»  A  B 

Fig.  141.  Gauze  Fabric. 

product,  the  two  series  of  weft  yarns  are  crossed  by  the 
same  warp,  one  again  being  utilized  in  making  a  founda¬ 
tion  texture,  and  the  other  a  pile  or  plush  characteristic. 
Velvets,  plushes, and  carpets  (Brussels,  Wilton,  Axminster, 
and  hand  tufted)  are  constructed  on  the  first  principle; 
and  velveteens,  corduroys,  moleskins,  certain  classes  of 
“  Curl  ”  textures,  and  astrakhans  on  the  second  principle. 

108.  Design  or  Point  Paper. — From  the  explanations 
given  on  the  structure  of  a  woven  cloth,  it  will  be  evident 
the  set  of  textile  designing,  so  far  as  weave  effect  is  con¬ 
cerned,  is  based  upon  the  origination  of  new  schemes  of 
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inserting  weft  yarns  into  the  divisions  made  in  the  warp 
yarns  in  the  operation  of  shedding  (Par.  106).  Design  or 
point  paper  (Figs.  142,  143,  143a,  and  1436),  used  in  the 
theoretical  preparation  of  weaves,  is  taken  to  represent  at 
least  one  series  of  the  two  sets  of  threads  in  the  fabric.  Thus 
the  blank  spaces,  a  to  a1,  Fig.  142,  correspond  to  the  warp 
threads  hanging  loose,  or  in  an  unwoven  condition,  in  the 
loom.  The  spaces  are  dotted  or  left  undotted  in  the  precise 
order  in  which  the  warp  and  weft  threads  cross  over  and 
under  each  other  in  weaving.  The  dots  or  marked  spaces, 
Fig.  144,  indicate  where  the  weft  passes  over  the  warp, 
and  the  blanks  where  the  warp  passes  over  the  weft. 
Before  marking  the  squares  of  the  paper,  all  the  warp 
threads  it  represents  are  supposed  to  be  lifted,  but  the 
weft  yarns  are  taken  as  being  under  the  warp.  Hence  the 
dots  or  marks  are  the  weft ,  and  the  blanks  or  squares 
undotted  the  warp  effects.  This  need  not  be  the  rule,  as 
the  practice  adopted  may  be  to  mark  the  warp  and  leave 
the  weft  blank;  but  for  the  principal  types  of  fabrics 
it  is  a  more  convenient  practice  to  mark  the  latter,  and 
more  in  accordance  with  the  system  of  fabric  production, 
because,  in  the  work  of  the  loom,  the  weft  is  added  to  the 
warp,  and  not  the  warp  to  the  weft.  In  practical  design¬ 
ing  both  systems  may  be  utilized,  e.g.,  in  making  ordinary 
plans  for  fabrics  backed  with  warp  it  is  preferable  to  mark 
the  warp ;  but,  on  the  other  hand,  in  plans  for  fabrics 
backed  with  weft,  the  weft  should  be  marked.  It  is  a 
question,  first,  of  economy  of  labour  in  design  prepara¬ 
tion  ;  and,  second,  which  system  more  clearly  suggests  to 
the  designer  the  effect  producible  in  the  loom  from  that 
denoted  on  point  paper. 

In  the  descriptions  which  follow,  unless  otherwise 
stated,  the  marks  or  signs  are  weft  effect.  The  eight 
threads  a  and  b,  and  eight  picks  bracketed  1  and  2,  of 
the  section  of  plain  woven  fabric  (Fig.  139),  are  repre¬ 
sented  on  design  paper  in  Fig.  144.  Each  thread  of  warp, 
a  or  b,  corresponds  to  one  series  of  blank  squares  from 
a  to  a1,  Fig.  143,  and  one  pick  of  weft  to  one  series  of 


POINT  OR  DESIGN  PAPERS 
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Fig.  142.  Fig.  143. 


Fig.  143«. 


Fig.  1436. 


Fig.  142  =8x8  paper. 
Fig.  143  =  10  x  10  paper. 


Fig.  144. 


A  B 


Fig.  143a  =  12  x  12  paper. 
Fig.  1436  =  16  x  8  paper. 


(Compare  with  Fabric  Structure,  Fig.  139.) 
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blank  squares  from  b  to  b1.  The  first  pick  of  Fig.  144  is 
one  square  marked  and  one  square  blank  for  eight  threads ; 
the  second  pick,  the  reverse  or  one  square  blank,  and 
one  square  marked  for  eight  threads ;  the  third,  fifth,  and 
seventh  threads  are  like  the  first ;  and  the  fourth,  sixth, 
and  eighth  like  the  second,  as  indicated  in  the  plan  or 
weave. 

In  addition  to  each  longitudinal  series  of  squares,  a  to  a1, 
Fig.  142,  being  equal  to  a  thread  in  the  warp,  it  is  also 
equivalent  to  one  heald  shaft  in  the  “treadle,”  “tappet”  or 
“  dobbie  ”  loom,  and  to  one  “  neck-band  ”  in  the  Jacquard 
machine,  each  transverse  series  from  b  to  bl  represents  a 
treadle  in  the  treadle  mounting,  a  number  of  tappets  in 
the  tappet  system,  a  lag  in  the  dobbie,  and  a  card  in  the 
harness  or  Jacquard  loom.  If  a  set  of  “lags”  were 
applied  to  a  dobbie  machine  without  being  pegged,  all 
the  shafts  mounted  in  the  loom  would  be  depressed,  or, 
if  a  blank  card  were  applied  to  the  Jacquard  cylinder, 
all  the  warp  threads  would  remain  unlifted.  The  lags 
must  be  prepared  by  pegging,  and  the  cards  by  stamping, 
before  the  former  can  supply  movement  to  the  heald 
shafts,  and  the  latter  to  the  harness  cords  and  the 
threads  of  warp.  The  dotted  or  marked  ruled  paper  is 
the  working  plan  or  design  which  indicates  the  positions 
in  the  lags,  into  which  pegs  are  to  be  inserted,  and  in 
the  cards  where  holes  are  to  be  stamped,  in  order  to  re¬ 
produce  the  design,  by  the  operation  of  weaving,  in  the 
fabrics. 

The  “  counts  ”  of  the  paper  is  calculated  by  the  number 
of  smaller  divisions  comprised  in  the  larger  ones.  Fig.  142 
is  a  sample  of  8  x  8  paper.  The  larger  divisions  are  also 
useful  in  sketching  or  working  out  decorative  and  other 
figured  patterns,  and  aid  the  card  stamper  in  his  work, 
enabling  him  at  a  glance  to  ascertain  exactly  the  thread 
or  pick  of  the  design  he  last  worked  upon.  For  this 
purpose,  each  large  square  comprises  as  many  small 
divisions  as  there  are  holes  in  the  card-stamping  plate. 
There  are  other  standard  papers,  such  as  10x10,  12x12, 
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8  x  12,  12  x  8,  and  8  x  16.  These  are  necessary  in 
designing  for  different  classes  of  fabrics;  10  x  10  paper, 
Fig.  143a,  is  chiefly  employed  in  the  preparation  of  designs 
for  damask  and  linen  table  covers  and  serviettes,  in  which 
two  five-shaft  sateen  weaves  are  combined.  12  x  12  paper, 
Fig.  143a,  is  selected  for  designs  for  600  Jacquard  machines 
in  which  the  cylinder  is  divided  into  twelve  holes  across. 
The  other  classes  of  paper  mentioned  are  suitable  in 
designing  for  fabrics  where  the  proportion  of  warp  to  weft 
threads  per  inch  is  unequal.  For  example,  16  x  8  (Fig. 
143&)  would  be  used  in  working  out  figured  patterns  for 
fabrics  in  which  there  are  48  threads  and  24  picks  per 
inch  and  8  x  12  in  preparing  designs  for  production  in  a 


Fig.  145.  Plain-woven  Botany  Worsted  Fabric. 


fabric  with  this  ratio  of  threads  to  picks  per  inch;  and 
similarly  with  each  kind  of  paper  used.  The  scale  of  pro¬ 
portion  of  the  design  is  in  this  way  rendered  the  same  in 
the  theoretical  as  in  the  woven  form. 

109.  Relation  of  Weave  to  Fabric  Structure. — The  build 
of  all  classes  of  woven  fabrics  is  determined  by  the  plan 
of  the  weave,  or  the  scheme  of  warp  and  weft  intercross¬ 
ing.  In  fabrics  of  the  I  type  and  single  in  structure — i.e., 
composed  of  one  series  of  warp  and  one  series  of  weft 
yams — the  threads  and  picks  appear  alternately  on  both 
sides.  Figs.  145  (plain),  146  (**■  warp  cord),  147  (¥±  weft 
cord),  148  (twill),  149  (fine  twill),  150  (fancy  mat), 
and  151  (irregular  warp  twill  compound),  are  suggestive 
and  typical  examples  of  weave  construction  as  the  base 
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of  fabric  structure.  The  difference  in  these  several  textures 
is  due  to  the  manner  in  which  the  warp  threads  are 
controlled  or  selected  for  floating  over  or  passing  under 
the  weft  yarns.  This  sequence  is  prescribed  by  the 
arrangement  of  the  weave.  Consider  in  the  first  place, 
Figs.  145,  146,  147,  which  are  totally  dissimilar  fabrics, 
being  plain,  warp-cord,  and  weft-cord  woven  respectively. 
The  plans  (Figs.  144,  146a,  147a)  show  that  they  are 
closely  related  as  regards  system  of  intersection,  each  con¬ 
sisting  of  only  two  types  or  orders  of  warp  and  weft 
crossing.  Thus  the  only  difference  between  Figs.  144 
and  146a  is  that  in  the  latter  the  first  and  second  picks 
are  alike,  and -the  third  and  fourth  the  reverse  of  them, 


Fig.  146.  Warp-Cord  Texture. 


that  is,  two  picks  are  woven  in  one  shed  or  division  of 
the  warp;  whereas  in  Fig.  144  only  one  pick  is  inserted 
into  each  division.  This  “  group  ”  principle  of  interlacing' 
is  also  characteristic  of  Fig.  147a,  in  which  threads  1,  2, 
3,  and  4  work  together,  but  in  the  reverse  order  of 
threads  5,  6,  7,  and  8.  The  results  are  apparent  in  the 
woven  textures.  Fig.  145  makes  a  plain  surface  fabric 
with  the  warp  and  weft  equally  developed;  Fig.  146  a 
fabric  with  a  warp  surface  ribbed  or  repped  across;  and 
Fig.  147  a  fabric  with  a  weft  surface  also  ribbed  or  repped, 
but  in  the  opposite  direction  to  Fig.  146.  It  should  be  noted 
that  it  does  not  follow,  when  the  group  system  of  inter¬ 
lacing  is  practised,  that  warp  or  weft  textures  are  produced 
as  in  Figs.  146  and  147,  but  that  in  these  examples  the 
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effects  are  caused  by  the  grouping  being  in  Fig.  146a  of 
the  picks  and  in  a  weft  line;  and  in  Fig.  147a  of  the 
threads,  and  in  a  warp  line. 

The  distinctive  feature  to  be  observed  in  these  rib 
specimens  is,  that  a  modification  in  the  plan  of  the  weave, 
however  minute,  produces  a  change  in  the  structure  and 
character  of  the  fabric.  If,  therefore,  the  number  and 
variety  of  the  intersections  is  extended,  a  wide  range  of 
woven  structures  is  feasible.  Figs.  148  to  151  further 
demonstrate  this  fundamental  principle.  Twilled  schemes 
of  intertexture  are  illustrated  in  the  two  former.  Note 
the  marked  distinction  between  the  fabrics,  though  both 
of  the  twilled  type.  In  Fig.  148  the  warp  and  weft  twills 


Fig.  147.  Weft-Corcl  Texture. 


or  furrows  are  equally  pronounced,  and  traverse  the 
fabric  at  an  angle  of  45°,  but  in  Fig.  149  the  warp  twills 
are  clearly  defined  and  the  weft  twills  subdued,  both 
forming  an  angle  of  75°,  each  weave  corresponding  in  this 
detail  with  the  twills  in  the  plans,  Figs.  148a  and  149a, 
from  which  they  have  been  derived. 

A  structure  of  a  fancy  mat  character  is  illustrated  in 
Fig.  150.  The  plan,  Fig.  150a,  indicates  the  method  of 
grouping  threads  and  picks.  In  mat  weaves,  the  group 
system  of  interlacing,  working  several  threads  and  picks 
together,  is  always  practised. 

Fig.  151  is  a  more  complex  structure,  being  a  com¬ 
pound  of  warp  twills  of  different  degrees  of  movement. 
Fig.  151a  is  the  design  and  Fig.  1515  is  the  pattern  as 
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developed  in  the  actual  fabric.  In  the  more  irregular 
section,  a,  the  threads  pass  over  and  under  from  one  to  six 


Fig.  147  a. 


Fig.  1476. 


Fig.  147e. 


Fig.  147/. 


picks  in  succession,  but  in  section  b  an  even  series  of  twills 
is  formed.  This,  and  the  preceding  examples,  show  the 
great  diversity  of  texture  and  effect  obtainable  in  twilled 
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weaves,  but  it  should  be  understood  there  are  in  addition 
other  distinctive  types  of  weave  capable  of  being  modified 
to  produce  extensive  varieties  of  fabric  structure. 


Fig.  148.  V2-  Twill,  Worsted  Texture. 


Fig.  149.  Twist-Warp  Worsted  Twill. 


110.  Points  in  Weave  Construction. — In  weave  origina¬ 
tion  the  points  to  be  observed  are  (1)  the  production  of 
an  even,  well-devised  fabric  ;  (2)  character  of  effect  or 
pattern ;  (3)  suitability  of  the  scheme  of  interlacing  for 
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the  quality  and  counts  of  the  yarns  to  be  used ;  and  (4) 
the  fineness,  firmness,  handle,  wearing  and  other  pro¬ 
perties  of  the  class  of  fabric  required. 

For  ordinary  styles  of  woollens  and  worsteds,  weaves 
composed  of  a  regular  scheme  and  of  a  uniform  number 
of  intersections,  or  each  thread  or  pick,  are  the  most  suit¬ 
able.  Unevenness  in  the  number  and  order  of  the  inter¬ 
sections  may  be  effective  in  yielding  textural  effects,  but 
is  liable  to  produce  an  unsound  and  unsatisfactory  fabric. 
Fig.  152a  (honeycomb  weave)  is  only  irregular  in  the  sense 
of  threads  1  and  2  and  7  and  8  having  twelve  inter- 


Fig.  150.  Fancy  or  Irregular  Twilled  Mat. 


sections  in  each  repeat  of  the  weave  as  compared  with 
four  intersections  of  threads  3,  4,  5,  and  6,  and  9,  10, 
11,  and  12.  But  it  would  not  make  a  firm  or  even  texture 
in  either  woollen  and  worsted  yarns;  and  to  use  it  with 
correct  results  in  the  weaving  of  honeycomb  styles  neces¬ 
sitates  the  two  sets  of  threads,  a  and  b,  being  separately 
tensioned  in  weaving,  or  the  use  of  two  warp  or  chain 
beams.  Diversity  of  Aveave,  and  therefore  of  fabric  con¬ 
struction,  must  be  consistent  with  the  making  of  an  even 
and  a  firm  cloth  and  of  sound  tensile  strength.  This  is 
only  feasible  by  having  regularity  of  intersections,  how¬ 
ever  the  scheme  of  grouping  may  be  diversified  so  as  to 
give  twill,  mat,  check,  cord,  and  other  effects. 
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111.  Weave  and  Pattern  Characteristics. — From  the 
examples  treated  of,  it  is  obvious  that  design  of  a  textural 
quality  is  acquired  by  devising  weaves  of  different  struc¬ 
tures  ;  but  they  have  mainly  been  considered  as  they 
modify  and  affect  the  build  of  the  fabric.  Now  they  may 


a  r, 

Fig.  151.  Stripe  Texture  composed  of  “Warp-face”  Weaves. 


Fig.  151a. 


P.  II 


A  A 

Fig.  1516. 


be  considered  as  the  producers  of  pattern.  The  examples, 
Figs.  152  to  159,  are  of  an  elementary  character,  but  com¬ 
prise  ordinary  twill,  broken  weft  twill,  broken  warp  twill, 
irregular  mat,  fancy  mat,  small  check,  and  a  transposed 
or  reversed  effect.  It  will  be  seen  that  each  is  a  distinc¬ 
tive  form  of  pattern  developed  from  a  simple  scheme  of 
interlacing.  The  six-end  twill  texture,  Fig.  153,  is  of  the 
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same  class  as  the  four-end  twill,  Fig.  148,  but  with  a 
degree  more  marked  emphasis  of  the  warp  than  the  weft 
effect.  From  the  twill  (Fig.  16(E)  by  taking  three 
successive  picks  of  the  weave  and  then  cutting  with 
the  three  following  picks,  a  small  fancy  diagonal  style 


Fig.  152. 

A  =  Light  grey  warp  crossed  with  light  grey  weft. 
B  =  Medium  grey  warp  „  „  light  grey  weft. 

C  =  Lightgrey  „  „  „  black  weft. 

I)  =Medium  grey  „  „  ,,  black  weft. 


Fig.  153. 


results,  Figs.  154  and  154a.  By  transposing  the  weave 
and  substituting  picks  for  threads,  and  working  the  plan 
so  obtained  to  the  right  and  left  direction  alternately, 
the  style  sketched  in  Fig.  155  is  acquired.  The  use  of 
four  sets  of  interlacings,  a,  5,  c,  and  g?,  grouped  as  in 
Fig.  156a,  produces  an  irregular  type  of  mat  or  hopsack 
fabric  (Fig.  156).  A  development  of  this  class  of  weave 
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is  illustrated  in  Fig.  150.  Here  the  warp  and  weft  inter¬ 
lacings  are  in  groups  of  different  sizes  and  arranged  in 


Fig.  154. 


Fig.  155. 


Fig.  156. 

Figs.  154,  156,  and  157. 

A  =  Medium  grey  warp  crossed  with  black  weft. 

B=Liglitgrey  ,,  ,,  ,,  black  weft. 

C  =  Medium  grey  ,,  ,,  ,,  light  grey  weft. 

n=Light  grey  „  ,,  „  light  grey  weft. 

a  twill  order.  Check  patterns  (Fig.  158,  Pattern  157) 
are  acquired  by  reversing  simple  twills  as  shown,  the  3- 
weave  having  in  this  instance  been  employed,  but  other 
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twills  and  fancy  makes  are  also  utilized  on  this  base. 
Fig.  159  is  a  transposition  pattern,  the  simple  elements  of 
which  it  is  composed  alternating  with  each  other.  These 
examples  are  typical  of  the  varieties  of  textile  patterns 
purely  of  “  weave”  origin. 

112.  Weave  in  relation  to  Counts  of  Yarns  and  Firmness 


Fig.  157. 

A=Medium  grey  warp  crossed  with  black  weft. 
n  =  Light  grey  ,,  ,,  „  black  weft. 

C  =  Medium  grey  ,,  ,,  „  light  grey  weft. 

d= Light  grey  „  ,,  ,,  light  grey  weft. 


Fig.  159. 


of  Fabric. — The  question  of  yarn  structure  and  quality  in 
relation  to  weave  development  has  been  dealt  with  in 
Chapter  V  (paragraphs  89  and  90).  Here  it  should  be  noted 
that  the  looser  and  more  open  the  texture,  the  less  its  adapt¬ 
ability  for  weave  application.  The  fullest  scope  for  the 
effective  use  of  weave  design  is  in  the  finer  makes  of  worsted 
fabrics.  Weaves  applicable  to  woollens  are  principally  twills, 
mats,  special  types  of  cords  (Bedford),  and  the  elementary 
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derivatives  of  the  four,  five,  seven,  eight,  and  ten  shaft 
sateens.  In  worsteds,  the  range  of  weave  patterns  is  far 
more  extensive.  All  the  standard  weaves  and  their  deriva¬ 
tives  are  useful,  and  variations  of  such  weaves  in  fresh 
settings — counts  of  yarns  and  threads  and  picks  per  inch 
— are  largely  practised.  Weave  structure  is  one  of  the 
chief  sources  of  newness  of  style  in  the  manufacture  of 
piece-dye  and  mixture  yarn  worsted  fabrics. 

Firmness  and  strength  of  fabric  construction  are 
derived  from  weave.  No  sounder  or  firmer  texture  is 
producible  than  that  due  to  plain  interlacing — this  giving 
the  most  frequent  and  regular  crossings  of  the  warp  and 
weft  yarns  possible  in  weaving.  The  elementary  twills, 
■j-,  3-,  4-,  etc.,  yield  similar  textural  qualities  to  the 
plain  make,  both  series  of  yarns  in  such  twilled  fabrics 
being  brought  alternately  on  to  the  face  and  the  back,  or 
the  upper  and  under  side  of  the  piece.  Another  feature 
of  a  twilled  weave  is  that  the  interlacings  of  both  warp 
and  weft  support  each  other.  Thus,  in  Figs.  148  and  148a 
threads  and  picks  1  and  2,  2  and  3,  3  and  4,  and  4  and  1 
are  successively  bound  or  paired  together,  linking  into  the 
same  textural  formation  the  complete  series  of  threads  and 
picks  in  the  twill.  This  takes  place  in  all  twills  in  which  the 
warp  and  weft  appear  alternately  on  both  sides  of  the  fabric. 

Smoothness  and  fineness  of  surface,  with  an  absence 
of  effect  caused  by  the  intersections  of  the  yarns,  are  the 
distinguishing  characteristics  of  sateen  woven  fabrics, 
causing  them  to  be  applicable  to  the  production  of  doe¬ 
skin,  beaver,  and  other  face  cloths.  For  ribbed,  whip  cord, 
and  buckskin  textures  special  weaves  and  settings  are 
employed,  firmness  and  weaving  quality  being  increased 
by  the  process  of  felting,  which  forms  an  essential  part  of 
the  routine  of  finishing  of  these  manufactures. 

113.  Types  of  Weave. — The  principal  types  of  funda¬ 
mental  weaves  comprise : 

1.  Cords,  ribs,  reps.  4.  Mats  or  hopsacks. 

2.  Twills.  5.  Reverse  and  small  check  patterns. 

3.  Sateens.  6.  Transposed  effects. 
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Varieties  of  small  weave  effects  known  as  crapes  are 
constructed  on  sateen  and  other  bases  of  which  examples 
are  given  in  Figs.  1676  and  c;  1686  and  c;  1696  and  c,  etc. 


Fig.  160. 


Fig.  160c. 
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Fig.  160c. 


Fig.  160*. 


Fig.  160£. 


Examples  in  Common  Twills. 


They  are  developed  in  piece-dye  and  mixtures  worsted 
yarns  for  costume  and  suiting  fabrics.  Cord  or  rep  weaves 
are  regular  (floats  or  flushes  of  equal  sizes,  Figs.  146a 
and  147a),  or  irregular  (floats  or  flushes  of  unequal  sizes, 
Figs.  1476  and  147c)  in  arrangement.  Cords  are  worked 
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into  stripe,  diagonal,  check,  and  other  styles  of  patterns 
(Figs.  147 d,  e.  /,  and  g),  and  applied  to  costume  and 
vesting  designs  made  of  worsted  yarns.  Bedford  cords 
(woollen)  are  a  distinct  class,  and  are  defined  under  pile 
patterns. 

114.  Twilled  Weaves. — These  are  of  three  distinct 


Fig.  161c. 
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Fig.  161ff. 


Examples  of  Twills  consisting  of  lines  of  Warp  and  Weft  of  two 

or  more  sizes. 


classes,  namely  warp  face  (a  preponderance  of  Avarp  on 
the  face  of  the  fabric) ;  weft  face  (a  preponderance  of  weft 
on  the  face  of  the  fabric) ;  and  warp  and  weft  equal  on 
both  sides  of  the  fabric.  The  third  variety  is  commonly 
used,  being  the  most  suitable  for  the  general  types  of 
woollen  and  worsted  textures.  The  simplest  twill  is  the 
Prunelle,  and  is  the  base  from  which  all  twills  are 
derived.  It  is  a  standard  weave  in  the  manufacture  of 
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fine  effects  in  single,  backed  and  compound  cloths  made 
of  either  woollen  or  worsted  yarn.  By  its  use  the  finest 
twill  pattern  is  producible. 


Twills  composed  of  two  simple  Weaves. 


Fig.  163. 


Fig.  163c.  Fig.  163cf. 

Examples  in  Weave  “Move”  (Picks)  in  Twill  Construction. 

Base  Weave,  163.  Derivatives,  163«  to  163c?. 

Modifications  of  the  ordinary  group  of  twills  are  acquired 
(1)  by  extending  the  threads,  Fig.  I486;  (2)  the  picks,, 
Fig.  148c;  and  (3)  both  the  threads  and  the  picks  of  the 
weave,  Fig.  148c?.  Clearly  extensions  (1)  and  (2)  must: 
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modify  the  angle  of  the  lines  of  the  twill  formed,  Fig.  148a 
becoming  a  twill  of  75°  in  Fig.  I486,  and  15°  in  Fig.  148c. 
This  feature  of  twilled  patterns  is  changed  in  two  ways, 
first,  as  indicated  by  enlarging  the  base  weave,  which, 
however,  alters  the  structure  of  the  twill;  and,  second,  by 
varying  the  ratio  of  the  number  of  threads  to  the  number 
of  picks  in  the  fabric.  Thus  an  ordinary  ^  twill  woven  in 
a  set  of  48  threads  and  24  picks  per  inch  would  traverse 
the  texture  at  approximately  an  angle  of  60°,  but  if  48 
threads  and  96  picks  an  angle  of  15°.  To  a  smaller  degree 


Fig.  164. 


Examples  in  Weave  “Move”  (Threads)  in  Twill  Construction. 
Base  Weave,  164.  Derivatives,  164a  to  164rf. 


the  angle  of  the  twill  is  also  variable  by  the  relative 
shrinkage  in  the  width  and  length  of  the  fabric  as  effected 
in  the  felting  operation. 

Some  of  the  standard  methods  of  diversifying  common 
twills  are  illustrated  in  Figs.  160a,  c,  y,  6,  i  and  j.  They 
represent  different  forms  of  grouping  the  floats  of  warp 
and  weft,  and  also  of  varying  the  dimensions  of  such  floats. 
All  ordinary  twills  are  capable  of  each  kind  of  variation. 
In  the  first  place,  twills  may  be  graduated — when  only 
two  sizes  of  line  are  combined — from  a  maximum  warp  and 
a  minimum  weft  effect  (Figs.  160,  1606,  and  160c),  to  a 
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minimum  warp  and  maximum  weft  effect  (Figs.  160a, 
160c?,  and  160A).  Sateens  are  also  a  type  of  twill  subjective 
to  the  same  scheme  of  change  (Figs.  168^?  to  168A).  The 
principle  results  in  a  series  of  graded  twills  which,  in  com¬ 
bination,  produce  shaded  patterns  varying  in  emphasis  with 
the  depth  of  contrast  between  the  shades  of  warp  and  weft 
in  which  they  are  woven. 

Several  sizes  of  lines  may  be  utilized  in  the  same  form 
of  twill,  but  occupying  different  numbers  of  threads  and 
picks  as  in  Figs.  161  to  161A.  Taking  Fig.  1616  (an  eight- 
shaft  weave)  it  is  composed  of  lines  of  two  of  weft,  one  of 
warp,  two  of  weft,  and  three  of  warp;  and  Fig.  16L 7  (a 
twelve-shaft  weave)  of  lines  of  three  of  weft,  two  of  warp, 
three  of  weft  and  four  of  warp.  The  form  of  twilling  is 
made  to  give  the  relative  sizes  and  order  of  grouping  of 
lines  required  in  the  texture.  Necessarily  the  larger  the 
number  of  threads  in  a  repeat  of  the  pattern,  the  greater 
4he  diversity  of  line  and  twilling  obtainable. 

115.  Weave  Move. — Given  an  order  of  intersections  for 
a  pick  or  thread  the~“  move  ”  Avill  determine  the  construc¬ 
tion  of  the  weave.  As  a  result  every  variety  of  twill  may 
be  used  in  the  development  of  other  plans.  Only  two 
•examples  need  be  considered,  namely,  those  producible 
from  changing  the  “move”  or  “traverse”  of  the  inter¬ 
sections  of  the  twills  in  Figs.  163  and  164.  In  the  base 
weave  the  move  is  one  for  each  successive  thread  or  pick. 
By  altering  this,  weaves  of  different  structures  are  obtain  - 
.able  as  follows : 

Fig.  163  move  in  the  picks  of  two  threads  =  Fig.  163a. 
,,  ,,  ,,  three  ,,  =  ,,  1636. 

,,  ,,  ,,  foui  ,,  =  ,,  1 63c. 

,,  55  ,5  five  ,,  =  ,,  163c?. 

Fig.  164  move  in  the  threads  of  two  picks  =  Fig.  164a. 
„  „  „  three  „  =  „  1646. 

,,  5,  1 1  five  ,,  =  ,,  164c. 

„  „  „  seven  „  =  „  164c?. 

Figs.  1636  and  163c,  and  Figs.  164c  and  164c?  are 
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similar  weave  structures,  but  reversed  in  the  twill.  Fig. 
1645  is  complete  on  four  threads,  showing  that  the  move 
is  an  incorrect  one  for  a  twelve-shaft  weave  base.  The 
“  moves  ”  applicable  to  sateen  plans  are  also  developed  in 
ordinary  twills. 


Fig.  165.  Whip  Cord. 


Fig.  166.  Venetian  Twill.  Fig.  166a.  Under  Surface  of 

Venetian  Fabric. 

116.  Warp  Twills.  Fancy  Twills. — Included  in  the 
former  are  the  standard  makes  of  fabric  known  as  whip 
cords,  Venetians,  doeskins,  buckskins,  corkscrews  and 
several  varieties  of  twist- warp  worsted  twills ;  and,  in  the 
latter,  twills  composed  of  lines  forming  different  angles 
and  running  in  similar  or  reverse  directions,  and  also 
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small  diagonals,  consisting  of  two  or  more  elementary 
weaves. 

Whip  cords  form  one  of  the  oldest  types  of  woollen 
cloths.  Originally  the  weave  used  was  the  twill,  but 
now  other  twills,  e.g.  Figs.  148c,  168c,  170c,  170c7,  etc.,  are 
also  employed.  A  common  but  distinguishing  character¬ 
istic  of  the  whip  cord  (Figs.  153  and  165),  the  Venetian 
(Fig.  166,  166a),  and  the  buckskin,  Fig.  124,  is  clearness 
of  twill  as  seen  in  the  respective  fabrics.  This  is  due  to 
the  warp  yarn  being  2-fold  and  hard  twisted,  and  also  to 
the  “twine”  being  the  reverse  of  the  “move”  direction 
of  the  twill. 

Twist- warp  worsted  twills  also  comprise  a  type  of  whip 
cord,  so  termed  on  account  of  the  twill  effect  resembling 
that  of  the  woollen  fabric,  but  somewhat  clearer  and  better 
defined.  This  will  be  understood  from  the  difference 
between  the  structure  of  woollen  and  worsted  yarns.  The 
weaves  applied  are  of  the  Venetian  and  buckskin  construc¬ 
tion,  but  in  the  finer  fabrics  are  arranged  on  the  eleven, 
thirteen  and  fifteen-  shaft  sateen  bases.  Being  warp  face 
twills  the  weft  only  shows  on  the  uncj,erside  of  the  texture, 
and  may  therefore  be  either  woollen  or  worsted  without 
altering  the  character  of  the  twill  effect.  In  the  several 
classes  of  fine  warp-twill  fabrics,  it  is  sought  to  obtain  firm¬ 
ness  of  construction  and  clearness  of  weave  definition  by 
the  structure  of  the  warp  yarn,  and  quality  of  handle 
by  a  soft-spun  weft  yarn.  The  relative  qualities  of  the 
two  surfaces  of  the  texture  due  to  this  yarn  combina¬ 
tion  is  seen  in  the  specimens  of  the  Venetian  fabric  in 
Figs.  166  and  166a,  the  warp  of  which  is  2-fold  42’s 
worsted  (52  threads  per  inch),  and  the  weft  16  skeins 
woollen  (36  picks  per  inch).  The  former  illustration  is  the 
face  and  the  latter  the  under  surface  of  the  cloth — the 
excessive  fibrous  quality  of  the  back  as  compared  with 
the  face  being  apparent. 

Fancy  twills  are  very  varied  in  construction  and  design. 
Like  ordinary  twills  they  may  be  devised  to  traverse  the 
texture  at  almost  any  line  or  angle.  Only  a  few  typical 


Fig.  167.  Fig.  167«.  Fig.  167/).  Fig.  167c. 


3°7 


Fig.  168(7.  Fig.  168c.  Fig.  168/  Fig.  168-/.  Fig.  168/i, 

Figs.  168  and  168rt  =  7-shaft  Sateen.  Figs.  1686  to  168/i  =  Derivatives  of  the  7-shaft  Sateen. 
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Fig.  1706. 


Fig.  169  =  8-shaft  Sateen.  Figs.  169a  and  b  —  Derivatives  of  the  8-shaft  Sateen. 


Fig.  170«. 

Figs.  170  and  1 70a = 9-shaft  Sateen.  Figs.  1706,  c,  and  d—  Derivatives  of  the 

9*shaft  Sateen. 
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examples  are  illustrated.  Fig.  162  is  a  compound  of 
2^-  twill  running  to  the  right  and  the  left;  Fig.  162a  of 
-j—  and  y—  twills  also  in  reverse  directions;  Fig.  1626  of 
2  -  mat  and  T—  twill,  and  Fig.  162c  of  and  twills.  In 


Fig.  1716. 


Fig.  171(7. 
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Fig.  17l«. 


Fig.  17lc. 


Fig.  171e. 


such  combinations  there  is  obviously  a  wide  scope  for 
diversity  of  pattern,  but  when  the  principle  is  extended  it 
results  in  the  origination  of  diagonal  designs,  which  may 
be  correctly  defined  as  elaborated  twills. 

Many  of  the  derivatives  of  the  sateen  bases  and  of 


010 


310 


WOOLLEN  AND  WORSTED 


Fig.  172c. 


Fig.  172 d. 


Fig.  172c. 
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Fig.  172#. 
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Figs.  172,  172«,  and  172 b  eleven-shaft,  sateens. 

Figs.  172c  to  172#  weaves  arranged  on  the  eleven -shaft  sateen  base. 
Figs.  173,  173a  weaves  arranged  on  the  twelve-shaft  sateen  hase. 
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Fig.  174. 


Fig.  174rt. 
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Fig.  174/;. 


Fig.  174/*. 


Fig.  174/.  Fig.  17a.  Fig.  175«. 

Figs.  174  to  174/  weaves  arranged  on  the  13-shaft  sateen  base.  Figs.  175 
and  175«  weaves  on  the  14-shaft  sateen  base. 
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elementary  twills  are  also  classified  as  fancy  twills,  e.g., 
Figs.  170c?,  1716,  171c,  172c,  175,  etc. 

117.  Sateens. — These  are  strictly  twilled  weaves,  but 
form  such  an  important  and  extensive  variety  of  woven 
textures  as  to  require  specific  analysis.  Sateens  are  one  of 
the  oldest  types  of  weave,  and  at  an  early  period  Avere 
utilized  in  the  designing  of  silk  and  decorative  fabrics  by 
both  Eastern  and  Western  Aveavers.  In  each  of  the  great 
branches  of  textile  manufacture  the  sateen  is  a  principle  of 
fabric  structure  applied  to  produce  a  standard  make  of 
cloth.  For  example,  in  Avoollens  the  five  and  eight-shaft 
Aveaves  are  used  in  the  production  of  doeskins  ;  in  cottons, 
sateens;  in  linens,  table  covers  and  damasks;  and  in  silks, 
satins  and  brocades. 

Sateens  are  made  on  any  number  of  threads  and  picks 
from  five  to  forty  or  more,  but  the  principal  makes  range 
betAveen  five  and  tAventy-four  threads  in  a  repeat.  A 
sateen  is  a  Aveave  Avith  one  thread  depressed  on  each  pick 
of  Aveft,  and  in  Avhich  the  interlacings  are  at  least  one 
thread  and  pick  apart.  The  rule  for  construction  is,  the 
interval  betAveen  the  interlacings  must  be  a  number  of 
threads  or  picks  prime  to  the  number  of  threads  and  picks 
in  one  repeat  of  the  Aveave.  Examples  : 


TABLE  XI 

Sateen  Weave  Construction 


Ease  Weave.  “Move”  or  Prime  Number. 


5-end  or  5- 

shaft  sateen,  5  threads  and  5  picks 

2  or  3. 

t  ~  11 

7- 

99 

99 

7 

99 

7 

11 

2,  3,  4  or  5. 

8-  „ 

8- 

99 

9  9 

8 

9  9 

8 

11 

3  or  5. 

9-  „ 

9- 

99 

}  9 

9 

19 

9 

.  11 

2,  4,  5  or  7. 

10-  „ 

10- 

99 

99 

10 

1  9 

10 

11 

3  or  7. 

11-  „ 

11- 

99 

99 

11 

91 

11 

11 

2,  5,  6,  or  9. 

12-  „ 

12- 

99 

9  9 

12 

11 

12 

11 

5  or  7. 

13-  „ 

13- 

99 

99 

13 

1 1 

%  ' 

13 

» i 

2,  3,  4,  5,  6,  7,  8,  9, 
10  or  11. 

14-  „ 

14- 

99 

99 

14 

99 

14 

1 1 

3,  5,  9  or  11. 

15-  „ 

15- 

9  9 

99 

15 

91 

15 

11 

2,  4,  5,  7,  8,  11  or  13. 

16-  „ 

16- 

99 

99 

16 

1 1 

16 

19 

3,  5,  7,  9,  11  or  13. 
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Fig.  176«. 


P 


Si 

o  o  ♦ 

o  o  # 

• 

• 

©  o  o 

Sx  - 

-Vo  — 

A  Al 

'^XXl 

O  » 

•  0 

o  • 

•  o 

IXUZZ 

v  ■  ^ 

•  o  o  • 

•  ° 

1  V  \7M\s 

•  o  o  • 

- — 

o  • 

•  o 

■SS  “ 

m 

o  • 

•  o 

Fig.  179a. 


Fig.  177«. 


Examples  in  Weaves  constructed  on  the  Bases  of  the  Fifteeu,  Si 

Twenty-three,  and  Twi 


enteen,  Eighteen,  Nineteen,  Twenty,  Twenty-one,  Twenty-two, 
shaft  Sateen  Weaves. 
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The  u  move  ”  may  be  applied  to  the  threads  or  the  picks. 
Taking,  for  example,  the  sixteen-shaft  base  in  Fig.  186,  a 
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Fig.  189«.  ■"*=  10-shaft Sateen(Fig.  171) 
extended  in  the  Picks. 


Fig.  187. 


Fig.  189.  ■’»  =  10-shaft  Sateen  (Fig.  171) 
extended  in  the  Threads. 


Fig.  1896.  ■’s  =  10-shaft  Sateen  (Fig. 
171)  extended  in  hoth  Threads  and 
Picks. 


“move”  of  three  is  followed  in  the  picks,  and  in  Fig.  187 
a  “  move  ”  of  three  in  threads.  Fig.  188  is  also  a  sixteen- 
end  sateen,  but  constructed  on  a  move  of  seven  picks. 

One  of  the  chief  uses  of  sateens  is  as  bases  on  which  to 
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construct  other  weaves.  Possessing  a  regular  and  uniform 
structure  when  correctly  developed,  they  produce  weaves 
of  identical  characteristics.  The  weave  derivatives  are  ob¬ 
tained  as  seen  in  the  illustrations — Figs.  1676,  1686, 
169a,  etc. — by  applying  to  each  unit  of  intersection  form¬ 
ing  the  sateen  base,  one  or  several  additional  units.  The 
marks  (xj’s,  [g’s,  and  [ofs  denote  the  added  units,  the  sateen 
base  in  each  instance  being  developed  in  b’s.  Each  separ¬ 
ate  type  of  mark,  or  sign,  plus  the  sateen  base,  forms  a 
complete  weave  derivative;  and  the  two  or  three  types 
combined,  plus  the  sateen,  also  form  other  complete  and 
distinct  weave  effects.  Analysing  Figs.  170c?,  1716  and  175 
in  this  manner  the  weave  derivatives  due  to  each  system 
of  extension  shown  are  as  follows : 

Fig.  170c?,  Base  b’s  +  derivative  [xj’s  =  A  warp  twill  or  whip  cord. 

,,  ,,  -(-derivatives  Xs  and  ffi’s  =  A  warp  twill  less  pro¬ 

nounced. 

,,  Base  «’s  +  derivatives  [Xl’s,  joj’s  and  @’s  =  A  crape  twill. 

Fig.  1715,  Base  h’s  +  derivative  £<]’s  =  A  buckskin  twill. 

,,  ,,  +  derivatives  X’s  and  [ofs  =  A  fine  warp  twill. 

„  ,,  -(-derivatives  [X]’s,  jofs  and  g]’s  =  A  twilled  effect 

in  which  the  warp  and  weft  are  equally  pronounced. 

Fig.  175,  Base  h’s  +  derivative  [g]’s  =  A  twilled  mat. 

„  ,,  -(-derivatives  [o]’s  and  [Xj’s  =  A  small  fancy  effect, 

twilled. 

„  ,,  +  derivative  (o)  =  A  type  of  mat  twilled. 

Further,  examining  Figs.  171cZ  and  171c;  172^  to  172 j ; 
174/  to  174?;  and  175  and  175a,  the  principles  of  construc¬ 
tion  may  be  more  fully  defined.  Figs.  171c?  and  171c  are 
deduced  from  two  ten-shaft  sateen  bases.  The  former  is  a 
definite  twilled  effect  resulting  from  combining  three  dots 
with  each  unit  of  the  sateen.  In  Fig.  171c  four  weaves  are 
given.  If  the  Xl’s  and  [ofs  are  dispensed  with,  the  ten-shaft 
whip  cord  or  buckskin  remains;  but  should  the  ffi’s  and  the 
[ofs  be  retained  a  fancy  twill  is  the  result  with  clear  warp 
lines  to  the  right,  and  less  defined  weft  lines  to  the  left. 
Figs.  172 g  to  172/  are  Avidely  dissimilar  in  structure.  They 
are  devised  on  different  base  AAreaves.  The  sateen  units  in 
Fig.  172^7  moves  at  an  angle  of  15°;  in  Fig.  172;  they  are 
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arranged  to  develop  an  indefinite  twill;  in  Fig.  172 A  they 
form  two  upright  warp  twills  in  each  repeat  of  the  base ;  and 
in  Fig.  172/  produce  a  twill  also  in  the  warp  of  some  70°. 
Fig.  172;  is  the  reverse  of  Fig.  172/,  the  move  being- 
applied  to  the  threads  instead  of  the  picks.  Given  such  a 
diversity  of  base  sateens,  so  dissimilar  in  arrangement,  on 
eleven  healds  it  is  possible  to  acquire  derivatives  of  varied 
construction. 

Fig.  172y  is  a  neat  fancy  twill  forming  an  oblique  angle 
in  the  texture.  The  (o]’s  may  be  either  inserted  as  shown  or 
removed.  This  depends  upon  the  fineness  of  the  fabric.  If 


V" 

n  = 

h 

o  o 

A- 

p  e 

• 

-i 

1  2 

• 

*  K 

• 

0 

< 

»  • 

o 

V 

r? 

r? 

• 

• 

< 

• 

• 

• 

a  'b 

Fig  198. 


Fig.  198a. 


closely  set  they  should  be  erased,  but  if  comparatively 
loosely  set,  then  they  are  useful  in  stitching  the  floats  of 
warp,  and  add  to  the  firmness  of  the  build  of  the  cloth. 
Design  172A,  somewhat  resembles  172?,  when  inverted 
and  warp  taken  for  weft;  but,  as  given,  it  yields,  in  the 
fabric,  a  clearly-defined  twill  with  effective  warp  furrows. 

The  examples  worked  out  on  the  thirteen-end  base  are 
also  useful  types,  being  different  in  arrangement  from  each 
other,  and  also  in  the  styles  of  pattern  they  severally 
yield.  Fig.  174/  is  effective  as  given  and  also  when 
reversed,  the  small  star  details  showing  more  clearly  when 
developed  in  the  warp  than  in  the  weft.  Both  Figs.  174 g 
and  174A  are  employed  as  illustrated,  and  also  when 
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turned  round.  In  each  form  they  give  well-defined  twill- 
ings.  Figs.  175  and  175a  are  arranged  on  the  fourteen- 
shaft  sateen ;  the  effects  obtained  by  the  addition  of  the 
[ofs  have  in  the  former  an  oblique,  and  in  the  latter  an 
upright  twilled  appearance. 

It  is  feasible,  as  will  be  observed,  on  comparing  Figs. 
172 ;  and  11  ki  (minus  symbols  [xfs)  to  obtain  similar  types 
of  pattern  on  sateens  occupying  a  different  number  of 
threads.  This  allows  of  the  production  of  corresponding 
designs  in  fabrics  composed  of  yarns  varying  in  counts 
and  also  in  setting.  Fig.  172c,  for  example,  would  give 
the  same  style  of  mat  as  Fig.  174z  (g]’s  not  used),  but  the 
latter  would  require  to  be  woven  in  finer  yarns  and  closer 
setting  than  the  former. 

For  the  purpose  of  reference,  descriptions  are  given 
under  the  various  examples  illustrated  (Plate  XL),  but 
it  is  unnecessary  to  analyse  the  construction  of  each 
weave,  which  will  be  understood  from  the  weave  principles 
examined  and  defined. 

Extended  Sateens.  Sateens  may  be  extended  in  the 
same  manner  as  other  types  of  weaves.  One  series  of 
examples  is  given  in  Figs.  189,  189a,  and  1896,  which  are 
extensions  of  the  ten-heald  sateen,  Fig.  171.  It  will  be 
seen  that  Fig.  189  is  enlarged  in  the  threads;  Fig.  189a 
in  the  picks,  and  Fig.  1896  in  both  the  threads  and  picks. 
As  shown,  different  plans  may  be  developed  on  these  ex¬ 
tended  bases. 

118.  Mats  or  Hopsacks  (Plate  XLI). — This  elementary 
variety  of  weave  is  used  in  the  weaving  of  woollen, 
worsted,  cotton,  silk,  and  linen  fabrics,  both  as  the  make 
of  the  texture  and  in  combination  with  twill  and  other 
standard  crossings  in  the  designing  of  stripe,  check,  and 
figured  patterns.  Mats,  hopsacks,  or  Celtics  are  divisible 
into  the  following  groups : 

1.  Regular  mats.  4.  Elongated  mats. 

2.  Irregular  ,,  5.  Divided  ,, 

3.  Twilled  ,,  6.  Fancy  „ 


P  L 


Fig.  190. 


Fig.  1906. 


Fig.  191«. 


Examples  in  Common  Mats  (Figs.  190,  190a.,  190/;);  Irregular  Mats  (Figs.  191,  191< 

Elongated  and  Irregular  Mats,  checked  (Figs.  1936  and  193c) 
Reversed  Weaves  (Figs,  196,  196a,  1966,  19( 

l 


Mats  (Figs.  192,  192a,  192b,  192c,  192cZ,  192e);  Elongated  Mats  (Figs.  193,  193a); 
dats  (Figs.  194,  194a,  194b,  194c);  Fancy  Mats  (195,  195a); 
ecked  Weaves  (197,  197a,  197b,  and  197c). 
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Fig.  1996. 


Examples  in  Designs  on  the  Transposition  Base. 
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In  the  first  group  (Figs.  190, 190a  and  1906)  squares  of 
warp  and  weft,  equal  in  size,  regularly  alternate;  in  the 
second  (Figs.  191  and  191a)  the  squares  are  unequal  in 
size  ;  and  in  the  third  group,  the  squares  of  either  warp  or 


Fro.  200. 


Fig.  200«. 


weft,  but  not  both,  run  in  a  twilled  order  (Figs.  192  to 
192c).  In  elongated  mats  (Figs.  193to  193c)  the  spaces  are 
oblong  in  shape;  and  in  “divided”  or  broken  mats  the 
squares  of  weft  are  intersected  by  floats  of  warp,  and  those 
of  warp  by  floats  of  weft  arranged  on  some  simple  plan  as- 
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in  Figs.  194  to  194c.  Irregular  fancy  mats  are  compound 
weaves  consisting  of  spaces  of  warp  and  weft  alternately, 
but  combined  with  thread  and  picks — divisional  lines — of 
warp  and  weft  cords,  as  shown  in  Figs.  195  and  195a. 

119.  Reverse  and  Small  Check  Effects  (Plate  XLI). — 
The  principle  of  this  class  of  weave  is  based  upon  form- 


Twill  re-arrangement  of  the  Threads. 


Fig.  203.  2a  Twill  re-arrangement.  Fig.  204.  Derivative  of  ■>-  Twill. 

ing  some  minute  motive  or  effect,  and  taking  it  to  be  equal 
to  one-fourth,  or  the  first  section  of  the  “reverse  ”  plan  to 
be  devised.  In  Figs.  196,  196a,  and  1965,  the  motive  to 
be  used  is  marked  in  b’s.  Section  b  is  obtained  by  revers¬ 
ing  the  order  and  marking  of  the  threads  in  a  ;  Section  c 
by  reversing  the  order  and  marking  of  the  picks  in  a  ;  and 
Section  b  the  picks  of  b  or  the  threads  of  c.  Fig.  196c  is 
an  example  in  which  the  motive  is  not  a  regular  effect,  yet 
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it  gives  on  this  base  of  construction  a  weave  with  the 
warp  and  weft  yarns  showing  equally  on  both  sides  of  the 
fabric.  That  Sections  a  and  d,  and  b  and  c  need  not 


Fig.  205.  Derivative  of  jt  Twill. 


Fig.  206ffl 


Fig.  206.  Derivative  of 
•j4  Twill. 


Fig.  207. 


necessarily  correspond  is  seen  in  Eig.  196c/,  derived  from 
motive  a,  and  in  which  Sections  A,  b,  c,  and  d,  are  all 
dissimilar. 

% 

Check  styles  of  various  descriptions  are  acquired  by  this 
method,  using  twill  and  fancy  weaves  (see  Figs.  197, 
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197a,  1976,  and  197c).  Fig.  197  is  the  type  of  checking- 
due  to  reversing  ordinary  twills;  Fig.  197a  is  the  mayo, 
and  Figs.  1976  and  197c  derivative  of  the  twill  checked 
or  reversed.  When  the  spaces  or  the  number  of  threads 


Fig.  207a. 


Fig.  2076. 


m  — 


Fig.  209. 


Fig.  209«. 


Fig.  20S. 


Fig.  209c. 


and  picks  in  the  several  sections  of  the  design  are  unequal, 
the  order  of  reversing  to  give  the  checking  lines  is  the 
same  as  that  described.  This  is  illustrated  in  the  check 
lines  formed  by  the  threads  and  picks  lettered  a  and  6  in 
Fig.  198,  and  also  in  the  Sections  a,  b,  c,  and  d  of  different 
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forms  and  dimensions  in  the  block  check  sketched  in 
Fig.  198a. 

120.  Transposition  Weave  Base. — In  one  sense,  this  is  a 
development  of  the  “  reverse  ”  base  of  weave  construction; 
but  instead  of  producing  “check”  effects  by  transposing 
the  weave  elements  used,  rectangular  spaces  are  formed 
at  right  angles  to  each  other.  Twilled  weaves  are  com¬ 
monly  employed,  but  mat,  cord,  mayo,  and  other  ordinary 
makes  may  also  be  utilized.  Examples,  Figs.  199,  199a 
and  1996,  are  of  the  twilled  class,  and  Figs.  200  and  200a 
show  the  method  of  using  mat  and  Mayo  weaves  in  the 
construction  of  the  same  style  of  pattern.  The  leading 
lines  which  should  first  be  fixed  in  working  out  the 


Fig.  210. 


designs  are  marked  in  each  case  in  «’s.  These  in  the  first 
place  should  not  exceed  the  number  of  threads  and  picks 
contained  in  either  Section  a  or  b,  Fig.  199,  but  in  com¬ 
pleting  the  design  they  are  continued  to  fill  in  correctly 
the  threads  and  picks  between  the  rectangular  spaces 
formed.  Having  run  on  to  the  paper  line  1  of  Section  a,  it 
is  transposed,  or  a  similar  line  turned  in  the  opposite  direc¬ 
tion  run  on  to  Section  b.  From  these  two  base  lines  the 
whole  of  the  pattern  is  symetrically  formed,  namely,  in 
Fig.  199,  lines  1,  la,  and  2,  2a;  and  in  Fig.  199a,  lines  1, 
la,  2,  2a,  and  3,  3a.  Corresponding  lines  in  the  two  sections 
are  in  the  illustrations  printed  in  the  same  characters. 

The  smaller  designs  of  this  class  are  applicable  to 
costumes,  and  the  more  complex  designs  to  vesting, 
mantle,  and  rug  fabrics. 
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121.  Derivatives  of  Simple  Weaves.- — There  is  a  large 
variety  of  effects  obtainable  (1)  by  the  re-arrangement  of 
the  threads;  and  (2)  by  the  re-arrangement  of  the  picks  of 
the  standard  twills.  Derivatives  of  the  first  type  are 
obtained  by  drafting  or  healding,  and  of  the  second  type 
by  the  preparation  of  the  pattern  chain,  weavable  in  the 
same  set  of  heald  shafts  as  the  original  weave  from  which 
they  have  been  acquired.  This  is  due  to  such  derivatives 
being  composed  of  the  threads  or  picks  of  the  base  weave, 
but  the  system  of  grouping  being  varied.  For  example, 
the  threads  and  picks  of  Fig.  201  when  grouped  in  the 
order  of  Nos.  1,  7,  2,  8,  3,  9,  4,  10,  5,  11,  and  6  produce 
the  weaves  in  Figs.  201a  and  b,  the  first  a  warp  and  the 


Fig.  211  a. 


second  a  weft  corkscrew.  The  method  of  re-arrangement 
to  give  a  regular  and  complete  sequence  of  intersections 
must  comprise  in  the  former  each  thread,  and  in  the  latter 
each  pick  of  the  fundamental  weave.  This  will  be  more 
clearly  understood  by  an  examination  of  Figs.  202,  202a, 
203,  204,  204a  and  b ,  and  205,  derivatives  of  the  threads, 
and  Figs.  206,  206a,  207,  207a  and  5,  and  208,  deriva¬ 
tives  of  the  picks,  arranged  in  the  orders  denoted  in  the 
respective  plans,  of  the  following  common  twills:  B--, 

tj— ,  and  As  seen  froul  pig.  201,  twills  more 

diversified  than  these  examples  may  also  be  used. 

A  first  principle  of  construction  applicable  to  this  class 
of  weave  is  the  initial  “move”  selected. 

In  Figs.  202a,  a  derivative  of  the  twill,  the  move  is 
“one,”  but  omitting  two  threads  2,  2,  4,  4,  etc.;  in 
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Fig.  206  also  a  move  of  one,  but  omitting  one  pick  in  com¬ 
pleting  the  construction  of  the  derivative.  Figs.  204a  and 
206a  are  another  type.  After  taking  two  consecutive 
threads  in  Fig.  204a  and  two  consecutive  picks  in  Fig. 
206a,  and  omitting  the  threads  or  picks  in  @’s,  the  effect  in 
■  ’s  is  repeated,  commencing  with  the  last  thread  or  pick  of 
the  preceding  effect  of  the  same  character.  The  interven¬ 
ing  spaces  are  filled  in  with  threads  or  picks  from  the 
base  weave  grouped  in  exactly  the  same  relation  to  each 
of  the  initial  or  leading  effects  printed  in  n’s. 

Other  schemes  of  re-arrangement  are  also  illustrated, 
e.g .,  the  devising  of  simple  motives  from  the  intersections 


of  the  base  plan,  and  forming  these  into  a  series  or  twilled 
order  (Figs.  2046  and  2076),  or  of  grouping  them  in 
regular  succession  in  combination  with  twilled  parts  of 
the  base  weave  as  in  Fig.  205  and  Fig.  208. 

Weave  Extensions.  The  principles  of  design  defined  in 
reference  to  twilled  weaves  and  sateens  (Paragraph  117), 
apply  to  small  weave  patterns  generally,  and  need  not 
therefore  to  be  analysed  further  than  stating  that  Fig. 
209a  is  an  extension  of  the  threads,  Fig.  2096  an  extension 
of  the  picks,  and  Fig.  209c  an  extension  of  both  the 
threads  and  picks  of  Fig.  209.  Similarly,  Figs.  210a,  211a, 
and  212a,  are  enlargements  of  the  fundamental  weaves  in 
Figs.  210,  211,  and  212. 


CHAPTER  VII 


LOOM  MOUNTING,  OR  PREPARATION  OF  THE  YARN 

FOR  THE  LOOM 

122.  Meaning  of  the  Term  “Loom  Mounting” — 123.  Warping — 
124.  Leasing — 125  Warping  on  the  Mill — 126.  Combined  Warping, 
Sizing,  Drying,  and  Beaming  Machines — 127.  Fancy  Warping  and 
Beaming  on  the  Sectional  System — 128.  Sizing  and  Beaming — 
129.  Healding  or  Drawing-in — 130.  Irregular  Healding  Drafts — 
131.  Systems  of  Counting  Healds — 132.  Sieving  or  Reeding — 
133.  Reeds. 

122.  Meaning  of  the  term  “  Loom- Mounting." — The 
general  term  “  loom-mounting  ”  includes  all  operations 
through  which  the  yarns  pass  from  spinning  to  the 
loom.  Such  operations  are  the  same  in  principle  in  the 
manufacture  of  all  classes  of  textile  fabrics,  and  com¬ 
prise  :  warping,  sizing,  beaming,  healding,  and  reeding  or 
sleying. 

123.  Warping  is  the  first  of  these  operations,  and  con¬ 
sists  in  collecting  into  one  series,  and  of  making  of  one 
uniform  length,  all  the  threads  which  are  intended  to  be 
stretched  longitudinally  in  the  piece.  If  the  pattern  to  be 
produced  should  be  composed  of  various  colours  and  sizes 
of  yarns,  warping  then  also  implies  arranging  the  fancy 
threads  after  a  given  order,  and  in  such  a  manner  that 
this  order  will  be  preserved  to  a  thread  throughout  all  the 
subsequent  routine  of  manufacture. 

This  work  may  be  performed  on  the  warping  woof,  the 
warping  mill,  or  on  “  sectional  ”  and  combined  warping, 
sizing,  and  beaming  machines.  The  “  mill  ”  and  sectional 
machines  are  automatically  driven,  but  the  woof  is  con¬ 
fined  to  hand  manipulation.  In  making  warps  for  pattern 
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ranges,  the  woof  is  preferable,  because  of  the  convenient 
manner  in  which  changes  may  be  effected  on  it. 

Warping  on  the  woof  or  “  bar-trees  ”  may  be  treated  of 
first  on  account  of  its  being  the  oldest  and  simplest  method 
of  preparing  yarns  for  the  loom.  Moreover,  as  this  kind 
of  warping  is  purely  manual,  the  principles  of  warp  or 
chain  making  may  be  better  described  as  performed 
on  the  woof  than  either  on  the  mill,  or  on  any  of  the 
sectional  warping  machines  employed  in  textile  manu¬ 
facturing. 


Woof  and  Creel. — The  woof,  Fig.  213,  is  made  either 
of  wood  or  iron,  and  stands  on  two  upright  posts,  each  of 
which  is  mounted  with  a  series  of  pegs  or  pins  over  which 
the  threads  are  passed  during  the  production  of  the  warp. 
These  upright  posts  are  connected  at  the  top  and  bottom 
by  two  rails,  from  which  project  the  healcling  lease  pins,  a 
and  b,  and  the  footing  lease  pins,  c  and  d.  Before  the 
threads  intended  to  constitute  the  warp  can  be  transferred 
in  a  regular  order  on  to  the  woof,  they  are  arranged  in 
the  creel  (Fig.  214),  a  frame  specially  built  to  contain 
the  cops  or  bobbins  of  yarn,  and  necessary  in  any  system 
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of  warping.  Creels  vary  in  size  and  construction,  but 
those  in  general  use  in  hand  warping  are  similar  to  the 
one  shown  in  the  drawing. 

In  the  part  lettered  a  the  cops  or  bobbins  are  arranged 
according  to  the  plan  indicated  in  the  pattern  of  warp.  It, 
for  example,  it  were  required  to  make  a  warp  in  which  the 
yarns  were  arranged  in  the  following  order:  4  threads 
of  black,  2  of  medium  gray,  2  of  black,  and  2  ot  white ; 


Fig.  214.  Warping  Creel  on  Bar  Trees. 

then  the  first  thread  of  black  would  be  placed  in  the  first 
hole  of  the  back  row,  b,  the  second  thread  in  the  first  hole 
of  the  front  row,  c,  the  third  thread  in  the  second  hole  of 
the  back  row,  b,  the  fourth  thread  in  the  second  hole  of  the 
front  row,  c,  and  so  on  to  the  end  of  the  pattern.  This 
arrangement  of  threads  is  clearly  shown  in  Fig.  214. 

124.  Leasing. — Having  mounted  the  creel  with  cops  or 
bobbins  of  yarn,  the  warper  proceeds  to  enter  the  threads 
from  the  back  series  of  cops  through  the  eyelets  lettered  d, 
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and  the  threads  from  the  front  series  of  cops  through  the 
eyelets  lettered  e,  thus  forming  an  important  distinction 
between  the  two  series  of  threads.  In  commencing  to 
transfer  the  yarns  on  to  the  woof,  it  is  necessary  to  form 
what  is  termed  the  “  lease  ”  by  crossing  the  alternate 
threads  with  each  other  between  the  lease  pins  of  the  woof, 
a  and  b,  Fig.  213.  This  crossing  is  of  the  utmost  import¬ 
ance,  because  the  immutability  of  position  each  thread 
possesses  in  the  warp  depends  on  this  work  being  perfectly 
carried  out ;  when  any  of  the  threads  pass  over  the  lease 
pins  in  pairs  they  make  it  difficult  to  ascertain  by  an 
examination  of  the  warp,  which  thread  ought  to  be  the 
first  in  order  in  the  woven  cloth. 

The  manner  in  which  the  lease  is  obtained  may  be  ex¬ 
plained  by  referring  to  Fig.  213.  Thread  1  is  carried 
over  pin  a  and  under  pin  b,  and  thread  2  under  a 
and  over  b,  and  thus  a  crossing  is  produced  between  the 
even  and  odd  threads,  which  cannot  fail,  so  long  as  the 
lease  is  kept  secure,  to  prevent  each  thread  from  leaving 
the  place  assigned  to  it  in  the  pattern  of  warp.  Of  course, 
the  length  of  the  chain  or  warp  may  be  varied  according 
to  the  number  of  times  the  yarns  cross  the  woof.  When 
the  required  length  has  been  obtained  the  “footing”  is 
formed  on  pins,  jc  and  d,  at  the  base  of  the  woof.  This  is 
simply  a  lease  on  an  enlarged  scale,  the  threads  forming 
crossings  in  groups  of  4’s,  6’s,  8’s,  12’s  or  16’s,  and  not  in 
singles,  as  in  the  lease  proper.  The  warp  or  chain  being 
completed,  it  is  only  necessary  to  secure  the  healding  and 
the  footing  leases  by  interlacing  cords  through  the  open¬ 
ings  between  the  }7arns  on  the  pins  a  and  b,  and  c  and  d, 
respectively ;  when  this  has  been  accomplished,  the  warp  is 
removed  off  the  bar-trees,  and  is  ready  for  the  sizing  bath. 

125.  Warping  on  the  Mill. — The  warping  mill  is  con¬ 
structed  on  either  the  horizontal  or  vertical  plan,  and  re¬ 
sembles  a  large  reel,  varying  in  diameter,  height  or  width 
according  to  the  type  of  the  machine.  The  bobbin  creel 
attached  to  the  vertical  machine  differs  in  construction 
from  that  employed  when  warping  on  the  woof;  thus  the 


LOOM  MOUNTING 


329 


bobbins  are  arranged  in  horizontal  tiers  so  that  the  creel 
admits  of  a  large  number  of  bobbins  being  set  in  at  one 
time,  which  is  an  advantage,  as  the  larger  the  number 
of  threads  used  in  warping  the  more  expeditiously  can 
the  Avarp  be  made.  About  five  or  six  feet  from  the 
creel  stands  an  upright  frame  mounted  Avith  the  “  heck- 
box,”  the  apparatus  for  forming  the  lease.  It  consists 


Fig.  215.  Leasing  Head  of  AAdiiteley’s  Horizontal  Warping  Mill. 


of  a  series  of  pins,  fixed  in  a  Avooden  frame  in  such 
a  Avay  that  half  the  pins,  taking  every  other,  may  be 
raised  alternately.  Each  pin  possesses  a  small  eyelet 
through  Avhich  the  threads  pass  from  the  bobbins  in  the 
creel  on  to  the  mill ;  hence,  if  half  of  the  pins  Avere  raised, 
taking  every  other,  1,  3,  5,  etc.,  the  odd  threads  Avould  be 
lifted,  producing  an  alternate  crossing  of  the  yarns  or  one 
division  of  the  lease;  the  opposite  crossing  is  obtained  by 
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raising  pins  2,  4,  6,  etc.,  lifting  the  even  threads,  and 
thus  completing  the  formation  of  the  lease.  The  yarns 
are  now  transferred  on  to  the  lease  pins  fixed  in  the  lower 
part  of  the  machine,  and  the  mill  set  in  motion.  As  it 
revolves  from  right  to  left  the  leasing  appliance  or  heck- 
box  gradually  rises,  distributing  the  warp  on  the  arms  of 
the  machine  until  it  arrives  at  full  height,  when  the  mill 
is  stopped  and  the  threads  divided  into  groups  of  19’s  or 
20’s,  and  carried  in  this  form  on  to  the  footing  pins.  Some 
mills  possess  an  automatic  arrangement  for  dividing  the 
threads  into  4’s,  6’s,  8’s,  etc.,  for  this  purpose.  When  the 
footing  lease  has  been  taken,  the  machine  is  again  set  in 
motion,  this  time  revolving,  however,  from  left  to  right, 
and  the  heck-box  gradually  descending  to  its  normal  posi¬ 
tion,  where  another  healding  lease  is  taken,  and  the  opera¬ 
tion  of  winding  the  warp  yarns  on  to  the  mill  repeated  to 
the  end  of  the  chain.  The  warps  are  invariably  calculated 
by  the  porty,  which  contains  in  some  districts  38  and  in 
others  40  threads. 

A  section  of  Whiteley’s  horizontal  mill — a  form  of 
machine  largely  used  in  both  woollen  and  worsted  manu¬ 
facturing— is  given  in  Fig.  215,  the  creel  having  been 
filled  in  the  usual  way,  the  ends  are  passed  through  the 
“contractor  ”  reed,  a,  and  the  section  reed,  b,  in  which  they 
are  sleyed  as  intended  to  be  in  the  loom.  The  yarns  now 
travel  between  the  two  fingers,  c  and  d,  which  are  fastened 
by  pegs  on  the  under  side  of  the  arms  or  lags  to  the  mill. 
After  drawing  the  threads  tight,  the  right  side  of  the 
section  is  in  contact  with  c,  and  in  a  line  with  the  base  of 
the  conical  inclines  at  the  ends  of  the  arms.  The  machine 
is  provided  with  suitable  apparatus  for  gauging  the  width 
of  each  section  to  a  nicety.  When  this  has  been  deter¬ 
mined  the  dividing  head,  with  break  pulley  M,  which  is 
connected  to  a  screw  shaft  extending  across  the  machine, 
proceeds,  as  the  mill  revolves,  to  build  up  the  section. 
The  head  travels  to  the  right,  and  lays  each  successive 
layer  of  warp  further  up  the  incline  until  the  required 
length  has  been  warped.  This  completed,  the  warper 
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winds  back  the  head  by  aid  of  the  break  pulley  until  it  is 
in  contact  with  the  gauge,  fastens  the  loose  end  of  the 
warp  to  the  mill,  and  again  sets  the  machine  in  motion.  The 
mechanism  is  handy  of  adjustment,  and  the  tension  on  the 


H 


Fig.  216a. 

By  water’s  combined  Warping,  Sizing,  and  Beaming  Machine. 

1  =  Elevation  of  Warping  and  Sizing  Section.  3  =  Elevation  of  Beaming  Frame. 

2  =  Plan  of  ,,  ,,  4  =  Plan  of  ,, 


yarns  and  the  length  of  the  warps  may  be  conveniently 
regulated. 

126.  Combined  Warping ,  Sizing,  Drying ,  and  Beaming 
Machines. — These  are  constructed  on  the  sectional  system, 
that  is,  the  warps  are  made  in  sections  or  “  cheeses  ”  ot 


I 
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Fig.  217.  Bywater’s  combined  Warping,  Sizing,  and  Beaming  Machine  (Chamber  Drying). 

Front  Squeezing  Rollers.  c1  =  Rack  Squeezing  Rollers.  f  =  Cheese  or  Sectional  Beam. 

B  =  Sizing  Bowl.  N  =  Guide. 
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about  4^0  in  width.  For  the  production  of  plain  woollen 
and  worsted  warps  it  is  an  economical  and  effective  class 
of  machine.  Bywater’s  machine  is  built  in  two  forms: 
(a)  for  creeling  with  cops  or  bobbins  set  vertically,  and 
drying  on  a  steam-heatecl  cylinder;  and  (6)  for  creeling 
with  horizontal  bobbins,  either  straight  or  traverse  wound, 
and  drying  in  an  enclosed  chamber. 

In  proceeding  to  prepare  for  warping,  after  the  yarns 
have  been  arranged  in  the  creel  (a,  Figs.  216,  216a,  and 
217),  they  are  passed  separately  through  a  coarse  sley 
which  maintains  them  equi-distances  from  each  other,  and 
also  reduces  them  into  a  convenient  compass  for  entering 
the  sizing  bath,  placed  immediately  behind  the  sley. 
Passing  from  thence  between  a  pair  of  brass  squeezing 
rollers,  the  sizing  solution  is  pressed  out  of  the  thread 
and  returns  into  the  trough.  When  the  warp  is  com¬ 
posed  of  woollen  yarns,  on  escaping  from  these  rollers 
it  is  passed  directly  over  a  large  cylinder  charged  with 
steam,  and  also  a  smaller  cylinder  (called  the  angle 
roller,  on  account  of  its  being  set  at  an  angle  with  the 
steam-heated  cylinder) ;  whilst  in  this  position  the  warp 
is  subject  to  a  rapid  drying  process,  the  heat  from  the 
cylinder  absorbing  the  dampness  the  yarns  contain.  But 
when  the  warp  is  made  of  worsted  yarns  it  is  passed 
over  an  additional  series  of  small  rollers  before  drying,  or 
drying  is  done  in  a  closed  chamber.  After  drying,  every 
“  string”  or  ten  feet  of  the  warp  is  automatically  marked, 
when  the  yarns  are  carried  forward  to  a  second  sley  in 
which  the  lease  is  formed.  One  peculiarity  in  this  sley  is 
that  every  other  split  is  partly  solid  both  at  the  top  and 
bottom,  consequently,  when  the  attendant  by  a  rod  presses 
all  the  threads  down,  those  in  the  odd  spaces  remain  at 
the  top,  and  those  in  the  even  spaces  are  forced  to  the 
bottom;  and  this  gives  the  first  crossing  of  the  lease.  The 
second  crossing  is  secured  by  lifting  the  threads,  which 
changes  the  positions  of  the  yarns.  The  lease  completed, 
the  section  of  the  warp  is  wound  evenly,  as  it  passes 
through  the  sley,  on  to  the  cheese  or  diminutive  beam. 
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The  routine  of  this  combined  system  of  loom  preparation 
will  be  better  understood  on  reference  to  Figs.  216  and 
216a  (cylinder  drying);  Figs.  217  and  217a  (chamber 
drying)  ;  and  Figs.  218  and  218a  (beaming  machinery). 
The  letters  in  Figs.  216,  216a,  217  and  217a,  denote 
corresponding  parts,  namely,  a  is  the  cop  or  bobbin  creel ; 
b  the  sizing  trough ;  c  the  brass  squeezing  rollers ;  d  the 
steam-heated  cylinder;  e  the  angle  cylinder;  e  the  cheese 
or  section  beam ;  g  the  automatic  stop  motion ;  and  h  the 
length  marker.  In  Fig.  218,  j  is  the  beaming  off  frame; 
a  the  warp  sections;  b  pulley  on  which  a  rests;  and 
m  the  warp  beam  frame.  Fig.  218a  is  a  plan  of  j 
and  m. 

Following  the  routine — Fig.  216 — the  yarns  from  the 
creel  after  being  directed  between  the  splits  of  the  “con¬ 
tractor  ”  or  guide  sley,  s,  enter  the  size  trough  b,  passing 
under  guide  rollers  suitably  fixed.  To  remove  any  excessive 
size  solution  the  yarns,  on  leaving  b,  are  taken  between 
squeezing  rollers  c,  round  the  steam  cylinder  d,  the  angle 
roller  e,  over  a  tension  bar  to  the  marker  h,  then  to  the 
leasing  sley,  to  be  wound  on  to  the  sectional  beam  e. 
The  lever  h  marks  each  section  of  the  chain  in  “strings” 
(10')  and  “cuts”  length  of  warp — several  “cuts”  being 
run  on  to  one  warp  beam,  j. 

The  routine  is  the  same  in  Figs.  217  and  217a  with  the 
exception  of  the  drying  of  the  warps  in  an  enclosed  chamber 
and  not  in  contact  with  the  surface  of  steam-heated  cylinders. 
The  chamber  is  heated  by  steam  pipes,  and  an  exhaust  fan  is 
employed  for  removing  the  moist  air.  The  sectional  warps 
may  be  treated  at  various  speeds  ranging  from  twenty-five 
to  sixty  yards  per  minute.  This  scheme  of  sizing  and  dry¬ 
ing  may  be  also  used  in  conjunction  with  warping  on  the 
mill  which  is  practised  in  the  manufacture  of  fine  blankets, 
flannels,  and  fancy  shirtings.  For  sizing,  drying,  and 
beaming  complete  or  whole  warps  at  one  time,  the  drying 
chamber — which  is  made  the  requisite  width — is  heated 
bv  a  powerful  fan  forcing  air  through  two  tubular  heaters, 
the  moist  air  escaping  at  the  top  of  the  machine.  By  this 
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method  some  five  to  ten  yards  of  warp  may  be  passed 
through  the  chamber  per  minute. 

To  secure  as  accurate t a  beamed  warp  as  possible,  and 
this  without  waste,  when  the  sectional  system  of  warping 
is  practised,  Messrs.  By  water  and  Beanlancl  have  patented 
the  arrangement  sketched  in  Fig.  218  and  218a.  The 
systems  of  warp  preparation  described,  sectionally  or  in 
“  cheeses,”  or  upon  the  mill,  is  to  wind,  when  forming  the 


sectional  beams,  the  same  number  of  laps  on  each,  but 
from  variation  in  tension  on  the  yarns  it  is  not  always 
certain  each  will  contain  the  same  length  in  corresponding 
series  of  laps,  and  necessarily  it  follows  that  such  inequality 
in  length  passing  on  to  the  warp  beam  will  be  responsible 
for  slack  or  tight  places  in  the  fabric,  and  be  the  cause  of 
defective  pieces. 

The  object  of  the  construction  of  the  improved  beaming 
frame  in  Fig.  218  is  to  remove  any  such  variation  in  length 
on  the  chain  beam,  by  delivering  on  to  the  beam  the  same 
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length  of  yarn  under  the  same  tension  for  each  section  or 
cheese.  The  controlling1  factor  is  the  length  and  not  the 
number  of  laps.  This  is  primarily  determined  in  warping, 
the  machine  stopping  automatically  when  the  required 
length  has  been  completed.  In  addition,  there  are  special 
tension  and  friction  pulley  contrivances  on  the  beaming-off 
frame,  as  shown  by  the  pulleys  b  and  the  rollers  c  c1,  and 


FlG.  218a.  Plan  of  Patent  Beaming  Frame. 


rail  e  in  Figs.  218  and  218a.  The  frame  is  designed  to 
allow  of  each  section  of  the  warp  running  between  two 
pulleys  b,  yet  the  sections  adjacent  to  each  other  and  having 
independent  action.  Clearly  if  the  shafts  of  b  and  b1  are 
timed  to  turn  at  precisely  the  same  speed  for  each  revolu¬ 
tion,  all  the  sections  will  deliver  the  same  length  of  warp. 
The  warp  passing  from  the  section  a,  is  taken  between  the 
pressure  rollers  c  c1  over  the  guide  e  and  forward  to  the 
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loom  beam  f.  When  the  latter  is  set  in  motion,  it  draws 
the  warp  off  the  sections  a,  turning  the  pressing  rollers  and 
the  supporting  pulleys  b,  b1,  whilst  under  a  fixed  tension 
applied  through  the  braking  contrivance  d.  In  this  way  as 
each  section  delivers  an  equal  length  under  a  correspond¬ 
ing  tension,  a  perfectly  level  warp  beam  is  formed. 

127.  Fancy  Warping  and  Beaming  on  the  Sectional 
System. — Sectional  warping  and  beaming  machines  are 
not,  all  points  considered,  as  well  adapted  to  the  making 
of  extreme  fancy  as  simple  or  plain  warps.  When  the 
number  of  threads  in  each  repeat  or  pattern  is  not  a 
multiple  of  the  number  of  threads  contained  in  a  “  cheese  ” 
according  to  the  set  or  number  of  ends  in  the  warp  per 
inch,  some  complication  is  liable  to  ensue.  The  standard 
width  of  the  sectional  beam  in  this  type  of  machine  for 
medium  classes  of  fabrics  is  4|",  but  in  those  constructed 
for  coarser  yarns,  as  in  the  blanket  trade,  the  width  is 
9".  Each  sectional  beam  must  contain  the  same  number 
of  threads,  and,  if  possible,  a  complete  and  not  a  fractional 
number  of  patterns,.  Warps,  in  which  a  complete  number 
of  patterns  cannot  practically  be  applied  to  each  cheese, 
may  incur  a  loss  of  time  in  resetting  the  creel.  An  uneven 
beam,  and  an  irregular  texture  result  from  some  cheeses 
receiving  more  threads  than  others.  In  heavy  woollen 
cloths  of  a  coarse  grade,  a  few  extra  threads  on  some 
sections  to  give  the  required  total  in  the  warp  would  not 
possibly  make  any  perceptible  difference  to  the  regularity 
of  the  fabric  ;  but  in  fine  cloths,  as  in  worsted  and  Saxony 
suitings,  the  utmost  uniformity  in  the  beam  should  be 
aimed  at,  so  that  two  points  are  evident :  (a)  that  each 
cheese  ought,  if  practicable,  to  receive  a  complete  number 
of  patterns ;  and  ( b )  that  the  same  number  of  patterns 
ought  to  be  warped  on  each  section. 

Let  it  be  supposed  that  a  given  pattern  of  warp  con¬ 
tains  104  ends,  and  that  the  fabric  is  intended  to  have  96 
threads  on  the  inch,  and  is  to  be  set  66"  wide  in  the  loom. 
The  warp  would  thus  contain  6,336  ends.  The  number  of 
patterns  in  the  warp  would  be  6,336-^104  =  60  and  96 
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ends;  and  the  number  of  patterns  per  cheese  4-|"  x  96  ends 
per  inch 104  =  4  patterns  and  16  ends  over,  therefore, 
warping  with : 

(1)  16  cheeses  =  4  patterns  x  104  ends  x  16  =  6,656  ends 
in  the  warp,  69^"  wide. 

(2)  15  cheeses  =  4  patterns  x  104  ends  x  15  =  6,240  ends 
in  the  warp,  65"  wide. 

Using  6,336  as  the  number  of  ends  in  the  warp — then 
6,240  ends  in  15  cheeses  leaves  96  ends  unprovided  for, 
but  these  would  be  adjusted  in  laying  out  the  cheeses. 

128.  Sizing  and  Beaming. — The  object  of  sizing  is  to 


Fig.  219. 


cause  the  fibres  of  which  the  threads  are  composed — 
worsted,  woollen,  cotton,  etc. — to  adhere  to  each  other. 
For  this  reason  it  is  a  necessary  work  in  the  preparation 
of  warps  for  the  manufacture  of  the  finer  qualities  of 
woollen  and  worsted  fabrics.  It  is  also  important  in  all 
yarns  which  have  a  tendency  to  chafe  in  the  weaving 
process.  In  Fig.  219  thread  a  is  a  fine  worsted  yarn  before 
and  thread  b  after  sizing  which  has  imparted  cohesiveness 
of  filaments,  added  to  the  smoothness  and  fibrous  compact¬ 
ness  of  the  yarn,  and  improved  its  tensile  strength  and 
■weaving  properties. 

In  the  sizing  trough  in  common  use  the  warp  enters  at 
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one  end  and  passes  through  the  sizing  solution  on  to  the 
squeezing  rollers.  It  is  now  raddled,  each  space  of  the 
raddle,  Fig.  220,  receiving  one  section  of  the  “footing” 
lease  and  wound  on  to  the  balloon,  a  skeleton  cylinder 
partitioned  off  from  other  machinery  to  facilitate  drying. 
The  warp  may  be  run  direct  from  the  balloon  on  to  the 
warp  beam,  or,  if  intended  for  dressing,  i.e.,  re-beaming, 


it  is  run  on  to  a  beam  of  the  beaming  frame,  sleyed,  and 
wound  from  this  beam  on  to  the  chain  or  loom  beam. 

129.  Healding  or  Drawing  in. — If  the  warp  to  be  drawn 
in  is  intended  for  the  hand  loom,  the  operation  maybe  per¬ 
formed  in  the  loom— the  practice  in  all  harness  mountings 
— but  if  it  is  for  a  power  loom,  the  shafts  and  the  warp 
beam  are  placed  in  the  healding  frame.  The  simplest  plan 
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of  healding  is  “  straight  draft,”  a  draft  being  the  order  of 
passing  the  threads  through  the  healcls  of  the  shafts,  begin¬ 
ning  with  the  first  heald  to  the  right  of  the  first  shaft,  and 
taking  the  corresponding  heald  on  each  successive  shaft 
until  the  first  heald  of  the  last  shaft  is  threaded,  when  the 
second  heald  of  the  first,  second,  third,  and  other  shafts 
are  similarly  dealt  with,  this  order  being  repeated  to  the 
last  thread  of  the  warp.  In  Fig.  221  there  are  four  heddles, 
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a,  b,  c,  and  d  ;  a  representing  the  front  and  d  the  back 
shaft.  The  beam  having  been  hung  behind  the  shafts,  the 
“  reacher-in  ”  takes  the  first  end  in  the  warp  from  between 
the  lease  rods,  and  places  it  on  the  hook  passed  through 
the  first  mail  m1  of  the  first  shaft,  a,  by  the  “  drawer-in  ” 
or  “healder”;  the  second  thread  is  then  drawn  through 
the  first  mail  m2  of  the  second  shaft,  b;  the  third  thread 
through  the  first  mail  m3  of  the  third  shaft,  c ;  and  the  fourth 
thread  through  the  first  mail  m4  of  the  fourth  shaft,  u. 
This  completes  one  course,  repeat  or  “  gate,”  and  the  pro¬ 
cess  has  to  be  continued  to  the  last  end  in  the  warp.  In 
the  passage  of  the  threads  through  the  healds  in  a 
“  straight  ”  draft  on  four  shafts,  the  first,  fifth,  ninth,  and 
thirteenth  threads  are  drawn  on  the  first  shaft;  the  second, 
sixth,  tenth,  and  fourteenth,  etc.,  on  the  second  shaft;  the 
third,  seventh,  eleventh,  fifteenth,  etc.,  on  the  third  shaft; 
and  the  fourth,  eighth,  twelfth,  sixteenth,  etc.,  on  the  fourth 
shaft,  showing  that  in  “  straight- drawn  ”  warps  a  “  course  ” 
comprises  as  many  threads  as  there  are  different  shafts. 

In  Fig.  222  a  backward  and  forward  or  angled  healding 
draft  is  given  ;  the  horizontal  lines  a,  b,  c,  and  d,  represent 
the  shafts,  and  the  lines  1  to  8  inclusive  the  threads  of  the 
warp.  A  repeat  in  this  draft  occupies  eight  threads,  the 
first  thread  being  drawn  through  the  first  heald  of  the 
front  shaft;  the  second,  through  the  first  heald  of  the 
second  shaft ;  the  third,  through  the  first  heald  of  the  third 
shaft;  and  the  fourth,  through  the  first  heald  of  the 
fourth  shaft ;  but  instead  of  the  fifth  thread  falling  on  the 
second  heald  of  the  first  shaft,  as  in  straight  drawing,  it 
takes  the  second  heald  of  the  second  shaft,  while  the  sixth 
thread  takes  the  first  heald  of  the  first  shaft,  the  seventh 
thread  the  second  heald  of  the  fourth  shaft,  and  the  eighth 
thread  the  second  heald  of  the  third  shaft.  This  method 
of  drawing  has  a  twofold  effect  on  the  weave  in  the  cloth ; 
for  it  twills  it  to  the  left  and  right  alternately,  and  produces, 
by  so  doing,  an  angled  stripe  or  herring-bone,  and  hence 
the  term  “angled”  or  “angle”  draft.  The  sateen  or 
“skip-shaft  ”  draft  is  shown  in  Fig.  223.  Here  successive 
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threads  miss  or  skip  one  shaft;  thus  the  second  thread  falls 
on  the  third  shaft,  the  third  on  the  fourth,  the  fourth  on 
the  second,  and  so  on.  This  plan  of  healding  may  be 
practised  in  making  tine-set  fabrics,  when  the  warp  con¬ 
tains  a  large  number  of  threads  to  the  inch,  or  is  drawn  on 
a  considerable  number  of  shafts.  The  weave  has,  in  such 
cases,  to  be  made  to  work  with  the  draft. 

130.  Irregular  Healdmg  Drafts. — Two  methods  of  heald¬ 
ing  or  drafting  are  sometimes  employed  on  one  series  of 


Threads. 
Fig.  222. 


Threads. 
Fig.  223. 


shafts.  This  is  frequently  done  in  double-make  cloths  and 
fabrics  backed  with  warp.  In  such  instances  the  shafts 
used  in  forming  the  back  or  under  side  are  kept  distinct 
from  those  which  form  the  face  of  the  fabric.  Fig.  224,  for 
example,  illustrates  this  system  of  healding.  Thus,  shafts 
a  and  b  in  this  draft  are  simply  mounted  with  the  backing- 
warp,  and  shafts  from  c  to  j  inclusive  contain  the  face 
warp,  or  those  threads  which  appear  on  the  upper  side  of 
the  cloth.  Two  beams  would  be  employed  in  weaving  a 
backed  fabric  of  this  character,  one  for  the  face  and  the 
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other  for  the  backing  warp.  Having  fixed  or  suspended 
these  behind  the  shafts,  the  operation  of  healding,  according 
to  the  draft,  Fig.  224,  would  be  commenced  by  the  reacher- 
in  taking  the  first  thread  from  the  lease  of  the  face  warp, 
which  would  be  drawn  through  the  first  heald  of  shaft  c. 
The  first  thread  of  the  backing  warp  would  next  be  passed 
through  the  first  heald  of  shaft  a  ;  the  second  face  thread 


through  the  first  heald  of  shaft  d  ;  and  the  third  face 
entered  into  the  first  heald  of  shaft  e,  followed  by  the 
second  thread  of  backing;  in  this  manner  healding  would 
be  proceeded  with,  the  exact  order  of  threads  in  the 
drafts  being  followed  to  the  last  thread  in  the  respective 
warps. 

The  number  of  healds  on  each  shaft  in  a  given  space,  in 
drafts  where  all  the  shafts  or  hecldles  contain  an  equal 
number  of  threads,  varies  according  to  the  required 
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number  of  threads  per  inch  in  the  warp,  and  also  accord¬ 
ing  to  the  number  of  shafts  mounted  in  the  loom.  Assum¬ 
ing  a  piece  of  cloth  to  have  60  threads  in  the  inch, 
and  that  12  shafts  are  employed  in  its  manufacture, 
then,  60  divided  by  12,  equals  5  healds  per  inch  per  shaft. 
Sometimes  each  shaft  does  not  receive  the  same  number 
of  threads  per  inch,  as,  for  example,  Fig.  224,  which  is 
for  a  backed  fabric,  set  72  threads  per  inch,  arranged 
2  threads  face  and  1  thread  backing,  that  is,  48  threads 
of  warp  to  the  inch  on  shafts  c,  d,  e,  f,  etc.,  and  24  threads 
on  shafts  a  and  b  ;  or  ^  and  4^-  =  6  healds  per  inch  on  each 
face  shaft,  and  12  healds  per  inch  on  each  backing  shaft. 

Taking  another  example,  Fig.  225,  with  64  threads  per 
inch,  one  repeat  of  the  draft  contains  32  threads,  or  two 
repeats  in  1  inch  of  the  warp.  If  the  number  of  the  repeats 
of  the  draft  in  the  set  is  now  multiplied  by  the  number 
in  each  group  of  threads  on  the  several  shafts,  the  results 
are  eight  healds  per  inch  on  shafts  1  and  2  ;  six  on  shafts  3, 
4,  9,  and  10;  four  on  shafts  5,  6,  7,  8,  11,  and  12. 

131.  Systems  of  Counting  Healds. — There  are  various 
methods  of  counting  healds.  That  of  the  “  healds  per  inch  ” 
is  applicable  to  all  classes  of  fabrics,  but  only  practised  in 
certain  manufacturing  districts.  In  the  heavy  woollen 
district  of  Yorkshire,  the  counting  is  done  by  the  set,  e.g. 
90’s,  120’s,  or  140’s  set  or  gear ,  which  denotes  that  in 
9  inches  there  are  9,  12,  or  14  porties  of  38  threads 
each.  In  ordering  a  gear  on  this  system,  the  set  and 
number  of  shafts  are  stated  ;  thus,  an  80’s  set  on  six 
shafts,  a  40’s  set  on  four  shafts,  etc. 

To  find  the  equivalent  of  any  gear,  on  the  healds  per 
inch  system,  the  set  is  multiplied  by  the  threads  in  a 
“porty,”  and  divided  by  9  inches,  multiplied  by  the  number 
of  shafts  in  a  set,  as,  e.g.:  a  90’s  set  on  four  shafts  would 
equal  9  porties  multiplied  by  38  (threads  in  a  porty) 
divided  by  9  inches,  multiplied  by  4  shafts  =  9.5,  the 

number  of  healds  per  inch  on  each  shaft.  Thus  :  — — . 

9x4 

132.  Sieging  or  Reeding. — After  healcling,  the  work  of 
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loom  mounting  is  comparatively  simple,  the  only  operation 
requiring  attention  being  that  of  sleying.  The  primary 
object  of  this  manual  work  is  to  keep  the  threads  of  warp 
at  equal  distances  apart,  and  also  in  the  same  relative 
positions  throughout  the  whole  routine  of  weaving.  The 
sley,  Fig.  226,  is  divided  into  splits  or  dents,  the  number 
of  which  in  a  standard  width  determines  its  fineness.  The 
threads  of  warp  are  drawn  through  the  splits,  in  the  order 
in  which  they  succeed  each  other  in  the  healcls,  in  2’s,  3’s, 
4’s,  etc.,  according  to  the  structure  of  the  fabric.  As  the 
sley  is  fixed  vertically  in  the  going  part  of  the  loom,  it 
carries  or  drives  the  weft  picks  against  each  other  as  they 
cross  the  warp  in  regular  succession ;  being  used  for  this 
purpose  as  well  as  for  separating  the  threads  in  a  systematic 
manner. 

In  sleying,  there  are  two  points  to  be  observed :  (1)  the 


Fig.  226. 

correct  number  of  threads  to  be  drawn  through  each  dent 
of  the  reed ;  and  (2)  the  manner  of  grouping  the  threads  in 
the  weave.  Yarn  structure  is  a  controlling  factor.  For 
example,  if  84  threads  per  inch  were  required,  28’s  reed 
3’s,  21’s  reed  4’s,  and  14’s  reed  6’s,  might  be  practised.  The 
28’s  reed  3’s  would  certainly  cause  too  much  friction  or 
rubbing  of  the  yarn  if  worsted  or  woollen  were  used,  but 
if  cotton  or  silk  it  would  be  satisfactory.  For  worsted,  the 
21’s  reed  4’s  or  the  14’s  reed  6’s  would  be  suitable.  Re¬ 
ducing  the  set  to  48  threads  per  inch,  in  cotton  the  sley¬ 
ing  would  be  24’s  reed  2’s,  in  worsted  12 ’s  reed  4’s,  or 
16’s  reed  3’s,  but  in  woollen  Saxony,  12’s  reed  4’s,  and 
for  Cheviot  12’s  reed  4’s,  or  8’s  reed  6’s. 

Another  point  is  the  grouping  of  the  threads  in  the  weave. 
In  mat  and  cord  weaves,  for  example,  the  threads  working- 
together  should  not  be  sleyed  in  one  reed.  To  prevent 
reed  marks  in  ordinary  weaves,  it  is  better  to  split  up  the 
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repeats  of  the  weave  in  sleying ;  taking  a  ^  twill  and 
sleying  12’s  reed  4’s,  three  reeds  would  equal  two  repeats 
of  the  weave.  If  the  same  weave  were  sleyed  6’s,  or  one 
repeat  in  each  reed,  it  would  be  liable  to  produce  reed 
marks  in  the  texture. 

133.  Counting  of  Reeds. — Reeds  are  counted  in  a 
variety  of  ways,  as  shown  in  the  following  table : 


TABLE  XII 

Methods  of  Counting  Heeds 

District. 

Base. 

Leeds  and 
Huddersfield  . 

Number  of  dents  or  splits  per  inch,  and  ends  in  a 

Stockport  . 

Bradford 

Glasgow  .  . 

Dewsbury  . 

Bolton 

Blackburn  . 

Manchester 


Scotland. 


split. 

Example:  10’s  reed  4’s  =  40  threads  per  inch. 
Number  of  dents  or  splits  per  inch  with  2  ends  in 
a  split. 

Example:  30’s  reed  =  60  ends  per  inch. 

Number  of  “  sets  ”  of  40  threads  each  in  36  inches. 

w  i  un>  .  60  x  40 

Example:  60  s  set  =  — — ,7/— 

ot> 

Number  of  “  sets  ”  of  40  threads  each  in  37  inches. 

60  x  40 

Example:  60’s  set  =  — =  ends  per  inch. 

o  / 

Number  of  “  sets  ”  of  38  ends  each  in  90  inches. 
Example:  80’s  set  = 

Number  of  “  beers  ”  of  40  threads  each  or  20  dents 
in  241  inches. 

Example:  60’s  set  =  —  =  ends  per  inch. 

24i 

Number  of  “  beers  ”  of  40  threads  each  or  20  dents 
in  45  inches. 

Example:  60’s  set  =  =  ends  per  inch. 

45 

Number  of  “dents”  in  36  inches  with  2  threads  in 
a  dent. 

1  000  x  2 

Example:  1,000’s  reed=  —  _ - =ends  per 

ou 


inch. 


Number  of  “  dents  ”  in  37  inches  with  2  threads 
in  a  dent. 

Example:  1,000’s  reed  =  — — ~  =  ends  per 
inch.  37 
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These  are  some  of  the  standard  methods  of  counting 
reeds,  but  there  are  others.  In  certain  woollen  districts 
in  Scotland  a  system  is  practised  based  on  the  number  of 
splits  in  If  inches,  and  the  number  of  threads  in  each  split 
or  dent.  For  example,  a  20’s  reed,  sleyed  2’s,  would 
equal  40  threads  in  If  inches.  Other  systems  are  only 
practised  locally. 

It  will  be  observed  that  the  Scotch  woollen  system 
named  resembles,  in  principle  or  base,  that  of  so  many 
reeds  per  inch,  and  sleyed  2’s,  3’s,  etc.,  according  to  the 
structure  of  the  fabric,  which  may  be  regarded  as  the 
soundest  and  most  satisfactory  system  adopted  in  any 
branch  of  weaving.  It  is  a  method  of  sleying  applicable 
to  every  class  of  woven  manufactures — silk,  cotton,  linen, 
jute,  and  woollen  and  worsted. 
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HAND-LOOMS 

134.  Motions  of  the  Loom — 135.  Uses  of  the  Hand-Loom — 136.  Parts 
of  the  Loom — 137.  Setting-up  or  Take-up  Motion — 138.  Letting-off 
Motion — 139.  Shedding  Motions — 140.  Treadle  System — 141.  Tie- 
up  or  Cording  Plans — -142.  The  Dobbie  Machine — 143.  The  Lags 
— -144.  Relative  Advantages  of  the  Treadle  Loom  and  Dobbie 
Shedding — 145.  The  Jacquard  Machine — 146.  Block  and  Cylinder 
— 147.  Upright  and  Cross  Wires — 148.  The  Harness — 149.  Effect 
of  the  Stamped  Cards — 150.  Centre-shed,  Double-Lift,  and  Open- 
shed  Machines — 151.  Haimess  and  Shaft  Mountings — 152.  Uses  and 
Advantages  of  Jacquard  Shedding  Mechanism. 

134.  Motions  of  the  Loom. — There  are  five  principal  mo¬ 
tions  in  weaving  common  to  both  hand  and  power  looms, 
namely,  shedding ,  picking ,  wefting ,  setting-up  of  the  piece 
or  cloth,  and  letting-off  of  the  warp  or  chain.  The  shedding 
motion,  which  is  by  far  the  most  important,  divides  the 
warp  threads  into  two  sections,  elevating  some  ends  and 
depressing  others;  the  picking  motion  impels  the  shuttle 
from  side  to  side  of  the  war]) ;  the  setting-up  or  take-up 
arrangement  winds  the  woven  fabric  on  to  the  piece-beam ; 
and  the  letting-off  appliance  unwinds  the  threads  from  the 
chain-beam.  The  shuttle-box  motion  should  also  be  men¬ 
tioned,  as  it  is  applied  to  looms  used  in  the  production  of 
fancy  fabrics.  In  actual  weaving  the  shedding  motion  first 
effects  a  division  in  the  warp,  when  the  shuttle  containing 
the  weft  thread  is  propelled  by  the  picking  mechanism 
through  the  opening,  or  “shed,”  formed  in  the  warp 
between  the  lifted  and  depressed  threads;  the  movement 
of  the  going-part,  or  the  wefting  motion,  then  beats  the 
weft  yarn  thus  extended  across  the  warp — before  the  shed 
closes,  or  the  warp  yarns  are  brought  on  to  one  common 
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level — into  close  contact  with  the  “fell”  of  the  cloth;  at 
this  juncture  the  letting-off  motion  gives  in  a  fraction  of 
length  of  the  chain,  the  setting-up  contrivance  at  the 
same  time  imparting  movement  to  the  piece  or  cloth  beam. 

135.  Uses  of  the  Hand  Loom. — Although  the  hand-loom 
has  been  superseded  by  the  power-loom,  it  is  still  useful 
in  the  weaving  of  some  classes  of  textiles.  As  it  is  simple 
in  construction,  it  can  be  readily  altered  to  suit  the  re¬ 
quirements  of  any  particular  branch  of  woven  fabrics.  For 
this  reason  it  is  preferable  to  the  automatic  loom  for  pat¬ 
tern  or  experimental  weaving.  Modifications  in  the  motions 
of  the  power-loom  are  comparatively  difficult  to  make.  If, 
for  example,  a  change  has  to  be  made  in  the  order  of 
picking,  or  in  the  method  of  inserting  the  several  shades 
of  weft  yarn  into  the  cloth,  it  necessitates  either  the  con¬ 
struction  of  a  new  chain,  the  use  of  a  fresh  set  of  lags,  or 
of  a  different  series  of  cards  for  the  shuttle-boxes,  accord¬ 
ing  to  the  class  of  power-loom  employed.  But  if  a  similar 
change  in  picking  has  to  be  effected  in  the  hand-loom,  the 
weaver,  having  the  shuttling  arrangement  under  complete 
control,  can,  without  any  alteration  in  the  mechanism  of 
the  loom,  introduce  the  threads  of  weft  into  the  cloth 
in  the  order  required.  Other  advantages  in  making  pattern 
ranges  on  this  loom  consist  in  the  facility  with  which  the 
cloth  can  be  wefted,  the  warp  changed,  and,  in  a  word,  the 
expeditious  manner  in  which  a  new  fabric  or  pattern  can 
be  produced. 

For  figured  textures,  where  an  irregular  and  complicated 
order  of  weft  threads  of  several  colours  is  used,  the  hand- 
loom  is  again  better  adapted,  because  the  weaver  can 
readily  modify  its  motions  so  as  to  make  them  accord  with 
the  required  method  of  colouring  the  design.  Plush  fabrics 
and  various  classes  of  tapestry  cloths,  carpets,  and  figured 
shawls  are  also,  to  a  limited  extent,  woven  on  the  hancl- 
loom,  but  its  special  utility,  as  stated  above,  is  in  pattern 
production.  Hence  in  the  designing  department  of  fancy 
woollen  and  worsted  mills,  a  number  of  hand-loom  weavers 
are  engaged  solely  in  the  weaving  of  new  pattern  ranges. 
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To  the  student  of  textile  design  this  loom  is  specially 
useful,  for  he  can  more  feasibly  put  his  ideas  into  practical 
shape  by  its  employment  than  by  using  the  power-loom. 
Experiments  are  as  necessary  in  a  study  of  weaving  as  in 
the  study  of  engineering,  chemistry,  or  any  branch  of 
applied  science;  and  as  it  would  be  inconvenient  for  the 
student  to  have  a  power- loom  in  his  laboratory  or  work¬ 
shop,  he  cannot  do  better  than  procure  a  hand-loom. 
Small  hand-looms,  as  simple  and  complete  in  construction 
as  possible,  are  the  most  suitable  for  this  purpose.  There 
is  no  advantage  in  having  an  under-sized  power-loom  which 
may  be  worked  by  the  foot  alone,  like  a  sewing  machine, 
as  there  is  far  too  much  mechanism  and  gearing  required 
in  looms  of  this  description.  The  less  mounting  a  loom 
takes,  the  better  for  the  student.  He  ought  to  be  able  to 
vary  the  number  of  weft  threads  per  inch  in  the  fabric, 
alter  the  shuttling,  and  change  the  design  without  re¬ 
adjusting  the  various  parts  of  the  loom.  This  is  neces¬ 
sarily  impracticable  in  looms  that  are  workable  by  the 
foot  alone.  One  of- the  most  convenient  types  of  hand- 
loom  constructed  for  students’  use  is  that  invented  by  the 
late  Professor  John  Beaumont,  Fig.  227.  This  loom 
possesses  a  weaving  capacity  equivalent  to  that  of  the 
largest  dobbie  applied  to  power-looms  mounted  with  shafts 
or  heddles,  and  also  every  useful  adjustment  for  making 
pattern  ranges,  and  for  experimental  studies. 

136.  Parts  of  the  Loom. — The  following  are  the  principal 
parts  of  the  hand-loom :  the  frame,  the  warp-beam,  the 
piece-beam,  the  breast-beam,  the  going-part  or  batten,  the 
rock-tree  or  horizontal  rail,  on  which  the  going-part  swings, 
the  shuttle-box  lever,  and  the  take-up  mechanism. 

The  frame  is  very  similarly  constructed,  whether  in¬ 
tended  for  the  “treadle,”  “dobbie”  or  Jacquard  shedding 
motions.  It  consists  of  four  upright  posts  joined  at  each 
side  in  the  direction  of  the  warp  and  also  at  the  back  by  a 
lower  and  an  upper  rail.  In  the  front  the  low  rail  is  dis¬ 
pensed  with,  the  breast-beam,  against  which  the  weaver 
leans  during  weaving,  and  over  which  the  cloth  passes  to 


Fig.  227.  Experimental  Hand-loom. 

Designed  and  invented  by  the  late  Professor  John  Beaumont, 
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the  piece-beam,  taking  its  place.  The  breast-beam,  like  the 
rail  over  which  the  warp  passes  from  the  chain-beam  to 
the  healds,  is  fixed  a  little  higher  than  the  mails  of  the 
healds  or  harness. 

One  of  the  most  important  parts  of  both  hand  and 
power-looms  is  the  going-part,  “fly,”  or  “batten.”  In 
Fig.  228  one  end  of  the  going-part  used  in  ordinary 
hand-looms  is  represented.  The  bottom  part,  a,  is  called 
the  race,  the  shuttle  running  upon  it  during  weaving.  The 
sley  or  reed  is  fixed  between  the  hand-tree,  b,  and  the 
race.  Both  ends  of  the  going-part  are  mounted  with  a 


similar  series  of  boxes.  In  the  sketch  only  two  boxes  are 
shown,  but  as  many  as  from  four  to  six  may  be  employed. 

The  swords,  s,  or  the  upright  levers  on  which  the  going- 
part  oscillates,  have  several  holes  near  the  top  by  which 
the  going-part  may  be  lowered  or  raised  at  the  option  of 
the  weaver.  For  this  purpose  cords  are  passed  through 
the  holes  and  fastened  round  the  “rock-tree,”  a  stout 
wooden  beam,  mounted  with  two  iron  pins,  which  move 
in  grooves  screwed  on  to  each  of  the  upper  side  rails  of  the 
frame. 

When  the  weaver  desires  to  insert  a  pick  of  weft  into 
the  warp,  he  presses  the  batten  from  him,  which  should 
bring  the  race  on  a  level  with  the  depressed  yarns,  and 
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thus  form  the  base  on  which  these  threads  rest;  by  the 
aid  of  the  picking-stick  he  forces  the  shuttle  across  the 
warp,  after  which  he  draws  the  going-part  forcibly  against 
the  cloth  already  woven,  pressing  the  pick  or  shot  of 
weft  into  close  contact  with  the  one  previously  inserted. 
In  Fig.  228,  p  is  the  picking-stick,  which  the  weaver 
holds  in  his  right  hand  ;  f  the  picker  travelling  on  the 
spindle  q  ;  h  the  picking-arm  ;  i  the  picking-arm  spring  ; 
and  e  the  cord  connecting  the  picking-stick  with  the  picker. 
The  action  of  the  parts  is  as  follows:  If  p  is  drawn  from 
the  boxes  it  causes  the  picker  f  to  slide  on  s,  driving  the 
shuttle  out  of  the  box.  This  is  no  sooner  done  than  the 
picking-arm  to  which  f  is  also  attached  is  drawn  back  by 
the  spring  i,  and  again  brought  into  striking  position.  In 
order  that  the  picker  may  be  quickly  drawn  out  of  the 
boxes,  the  weaver  lets  the  cord  e  slack  immediately  after 
imparting  motion  through  f  to  the  shuttle. 

The  shuttle-box  motion  is  fixed  on  the  going-part. 
The  box  lever  is  fixed  on  the  left  side  of  the  loom,  and 
is  in  direct  communication  with  lever  k  of  Fig.  228. 
The  box  lever  does  not  directly  control  the  action  of  the 
boxes,  but  is  employed  to  lighten  the  work  of  elevating 
them  to  the  weaver,  being  weighted  at  one  end.  The  parts 
which  have  directly  to  do  with  their  movement  are  shown 
in  the  sketch.  The  boxes  rise  and  fall  on  the  two  spindles 
r,  r,  and  are  kept  in  position  by  sliding  on  to  steps  pro¬ 
jecting  from  the  rods  p,  p.  These  rods  are  joined  together 
at  the  top  by  the  spring  o,  which  allows  them  to  move 
backward  in  the  slot  in  which  they  are  placed  in  the  top 
of  the  framework  of  the  boxes,  as  the  metal  pieces  on  the 
back  of  the  latter  press  against  the  projections  on  p,  p; 
but  immediately  after  these  have  passed  the  projections, 
the  rods  p,  p  are  forced  forward,  and  the  boxes  rest  on 
the  steps.  To  lift  the  boxes,  lever  n  is  depressed,  drawing- 
down  lever  j  and  l  to  which  it  is  attached  at  q  which  causes 
it  to  rise  at  p,  at  which  point  it  is  in  direct  communication 
by  cord  m  with  the  tops  of  the  boxes.  To  lower  them,  it 
is  necessary  to  press  the  trigger  t,  in  the  centre  of  the 
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hand-tree,  inwards,  which  being  connected  with  p  r  by 
a  small  cord,  draws  them  backward,  and  thus  removes 
the  supports  from  underneath  the  catches  on  the  boxes, 
causing  them  to  drop.  The  parts  n  and  t,  on  which  the 
weaver  keeps  the  thumb  and  finger  of  his  left  hand,  are 
thus  made  to  control  in  a  simple  and  effective  manner  the 
boxes  containing  the  several  shuttles  employed. 

137.  Take-up  or  Setting-up  Motion. — The  take-up  of  the 
piece  is,  in  hand-looms,  and  also  in  many  classes  of  power- 
looms,  primarily  effected  by  the  movements  of  the  going- 
part.  Projecting  from  the  upright  stay  or  sword,  s  (Fig. 
231)  of  the  batten  is  a  lever  s1,  round  which  a  cord  is 
fastened  and  attached  to  lever  s2  fixed  in  front  of  the 


Fig.  229. 


loom.  This  lever  at  the  opposite  end  by  cord,  e,  Figs.  229 
and  231,  is  made  to  lift  the  take-up  lever,  a.  This  lever 
carries  the  setting-up  catch  b,  which  imparts  motion  to  the 
piece-beam  wheel,  p,  through  the  train  of  wheels  shown 
in  Fig.  229.  Here  r  is  the  ratchet-wheel,  and  carries  small 
pinion  f,  which  gives  motion  to  the  intermediates,  h  and 
d,  and  they  in  turn  to  p.  The  holding-up  catch,  c,  prevents 
the  ratchet  from  running  back  when  the  lever  a  is  descend¬ 
ing.  ‘In  Fig.  231  the  catch  wheel  is  keyed  on  to  a  shaft 
mounted  with  a  worm  wheel  gearing  with  the  wheel  on 
the  piece  beam. 

In  both  methods,  the  cloth  is  only  set  up  when  the 
going-part  moves  backward.  Thus  if  pressed  from  the 
cloth  lever  s1,  projecting  from  the  upright  s,  of  Fig.  231, 
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depresses  the  top  lever  s‘2,  at  the  end  to  which  it  is  attached, 
and  raises  it  at  the  other,  lifting  a  of  Fig.  229,  and  giving- 
motion  to  the  piece-beam  as  described. 

138.  Letting-off  Motion.- — The  usual  method  of  maintain¬ 
ing  the  warp  threads  at  one  uniform  tension  in  hand-looms 
is  by  what  is  called  the  friction-brake.  This  is  a  thick  rope 
wound  on  the  head  of  the  yarn-beam  in  a  contrary  direc¬ 
tion  to  that  in  which  the  warp  is  delivered  from  the  beam. 
Some  classes  of  power-looms  are  mounted  with  a  similar 
letting-off  arrangement.  This  method  of  tensioning  the 
warp  is  sketched  in  Fig.  230 — b  is  the  warp-beam  c  the 


twitch-rope,  l  the  weight-lever,  k  the  low  rail  of  the  loom, 
and  d  the  weight.  The  rope  c  having  been  fastened  to 
rail  e,  is  passed  round  the  beam,  and  thus  supports  the 
lever  l,  which  is  fastened  by  cord  e  to  the  floor,  while  the 
weight  is  supported  by  the  opposite  end  of  the  lever. 
The  heavier  the  weight,  or  the  further  the  weight  from 
the  fulcrum,  the  more  tension  put  on  the  warp.  When 
this  letting-off  contrivance  is  applied  to  the  power-loom, 
two  levers  and  two  twitch-ropes  or  chains  are  used,  one 
for  each  end  of  the  loom.  The  levers  in  this  case  are 
fastened  to  castings  bolted  on  to  the  framework  of  the 
loom. 

139.  Shedding  Motions. — In  hand-loom  weaving  there 
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are  three  methods  of  elevating  and  depressing  the  warp 
threads,  or  of  forming  a  shed  in  the  warp;  first,  the  treadle 
system;  second,  the  dobbie;  and,  third,  the  Jacquard 
machine.  The  treadle  system  is  the  oldest  and  simplest 
in  construction.  It  is  still  employed  in  some  parts  ot 
Scotland  in  pattern  weaving.  The  dobbie  machine  is  one 
of  the  best  principles  of  shedding  extant.  It  is  said  to 
have  been  first  constructed  in  its  present  form  in  the 
West  Riding  of  Yorkshire,  and  has,  ever  since  its  inven- 


Fig.  231. 

tion,  been  regarded  as  well  adapted  to  the  requirements  of 
the  woollen  and  worsted  trades.  Until  1830,  or  there¬ 
abouts,  the  dobbie,  as  now  built,  was  unknown,  a  machine 
styled  the  “drum  witch”  or  “engine,”  which  resembled 
it  in  mechanical  details,  being  then  employed  in  the  weav¬ 
ing  of  fancy  woollens.  The  principle  of  the  dobbie  forms 
the  basis  of  construction  of  many  of  the  power-loom 
shedding  motions  of  the  present  day.  The  third  method 
of  shedding,  that  of  the  Jacquard  machine,  is  the  best 
system  for  figured  weaving.  The  feature  in  which  it 
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differs  from  other  shedding  mechanisms  is  in  the  use  of 
harness  instead  of  shaft  mounting,  and  cords  instead  of 
lags  and  pegs  ;  bowls  and  bushes;  or  tappets  and  treadles. 

140.  Treadle  System  (Fig.  231). — This  shedding  motion 
comprises  four  series  of  levers,  namely,  the  treadles,  t  ; 
levers  l1;  levers  l2;  and  jack  or  top  levers,  iA  The 
treadles  are  worked  by  the  weaver’s  feet,  and  both  depress 
and  lift  the  heddles.  Levers  if  are  connected  first  with 
the  treadles,  and  then  with  the  jacks  by  the  streamer 
cords  s  c.  The  jacks  are  attached  to  the  top  of  the  heddles, 
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Fig.  232. 

and  levers  l2  to  the  bottom  of  them.  The  latter  are  also 
in  communication  with  the  treadles.  The  raising  and 
depressing  of  the  heald  shafts  depend  entirely  on  two 
classes  of  cords,  long  and  short,  used  in  connecting  the 
treadles  to  levers  l1  and  iA  The  long  cords  ( [b ,  Fig.  232) 
are  attached  to  levers  if,  and  as  the  latter  are  fastened  to 
the  bottom  of  the  heald  shafts,  it  follows  that  a  depression 
of  the  treadle  would  lower  the  heald  shafts  corresponding 
to  the  levers  l2  to  which  cords  b  were  fastened.  Cords  a 

« 

are  secured  to  l1,  which  are  connected  to  the  levers  3,  and 
these  are  fastened  at  the  opposite  end  to  the  top  of  heald 
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shafts,  therefore  cords  a  effect  the  “  lifts,”  and  cords  b  the 
“depressions”  of  the  heddles. 

141.  Tie-up  or  Cording  Plans. — As  the  effect  in  the 
woven  fabric,  in  treadle  weaving,  is  due  to  the  principle 
on  which  the  healds  are  operated  by  levers  l1  and  l2,  the 
short  and  long  cords,  a  and  5,  are  tied  to  the  treadles 
according  to  the  weave  or  plan  of  the  fabric.  Fig.  234 
is  the  cording  plan  for  Fig.  233,  and  Fig.  232  the  first 
and  second  treadles  of  Fig.  234,  with  the  cords  a  and  b 
attached  in  the  correct  order.  In  preparing  such  a  plan, 
lines — corresponding  to  the  shafts  or  threads  contained  in 
the  weave — are  drawn  (Nos.  1,  2,  3,  and  4,  Fig.  234), 


Fig.  233. 


(In  the  cording  plans  illustrated  the  “move"  of  the  weave  is  from  right 
to  left  or  in  the  order  of  treading.  To  reverse  the  order  does  not  modify 
the  principle  of  construction.) 

at  right  angles  to  other  lines,  representing  the  picks  in 
the  weave  or  treadles  in  the  loom,  namely,  a,  b,  c,  and 
d.  This  done,  determine  which  cords  to  mark  on  the 
treadle  lines,  long  or  short.  It  is  the  practice  to  mark  the 
latter  or  those  which  lift.  Thus  on  pick  a  of  Weave  233, 
the  1st  and  2nd  shafts  are  up;  hence  they  are  marked  in 
the  cording  plan  where  treadle  a  cuts  them.  On  the 
second  pick,  b,  the  1st  and  4th  shafts  are  up,  and  the  2nd 
and  3rd  down,  which  is  indicated  in  the  cording  plan  by 
crosses  being  placed  on  treadle  b  where  it  intercepts  the 
1st  and  4th  shafts.  The  picks  c  and  d  are  then  dealt 
with  in  a  similar  manner,  producing  the  cording  plan 
sketched  in  Fig.  234.  The  marks,  x ’s,  denote  short  cords 
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and  the  absence  of  them  when  the  two  sets  of  lines,  a,  b, 
c,  and  d,  cross  lines  1,  2,  3,  and  4,  long  cords,  or  as  shown 
in  Fig.  232. 

142.  The  Dobbie  Machine. — The  various  parts  of  this 
shedding  motion  are  given  in  Fig.  235.  The  part  b,  called 
the  block,  slides  up  and  down  between  the  two  ends  of  the 
frame.  It  contains  the  knives  or  lifting  bars,  k.  Eleva¬ 
tion  and  depression  of  the  liealds  are  effected  by  the  up¬ 
right  wires,  b  and  c.  These  wires  are  bent  in  the  form  of 
a  hook  at  the  top,  so  that  if  over  the  lifting  bars  when  the 
block  rises  they  are  immediately  lifted.  Uprights  b  and 
b 1  are  attached  to  the  top  of  the  heald  shafts,  while  up¬ 
rights,  c  and  c1  are,  by  the  means  of  the  streamer  cords, 
e  e\  connected  with  the  jacks  j1  j2,  two  sets  of  levers  fixed 
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underneath  the  healds.  These  levers  perform  the  same 
functions  as  the  short  levers  l1  in  treadle  weaving,  for 
they  depress  the  shafts.  There  is  one  spring  wire,  a  a1,  to 
each  pair  of  uprights,  b  and  c,  and  b1  and  c1  respectively. 
The  object  of  the  spring  wire  is  to  actuate  the  uprights, 
thus  a,  by  means  of  the  cross  wire  <7,  may  be  made  to  im¬ 
part  motion  to  uprights,  b  and  c,  for  it  is  bent  round 
both  of  them.  When  there  are  no  lags  on  the  cylinder,  or 
when  the  machine  is  out  of  action,  the  front  row  of  up¬ 
rights  are  all  off  bar  1,  whereas  the  second  series  are  all 
on  lifting  bar  2.  If,  therefore,  the  spring  wire  a  were 
pressed  forward  it  would  force  the  upright  b  on  to  bar  1, 
and  upright  c  off  bar  2 ;  on  the  other  hand,  if  spring- 
wire  a ’}  were  not  to  be  actuated,  upright  b1  would  remain 
off  bar  1,  and  c1  would  be  lifted  by  bar  2.  This  arrange- 
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merit  of  wires  is  sketched  in  Fig.  235,  and  the  effect  it 
has  on  the  healds  will  next  be  traced.  Let  the  result  of 
lifting  wire  b  and  depressing  wire  c  be  first  considered. 
The  shaft  h1  to  which  b  is  attached  by  cord  d  is  repre¬ 
sented  as  up,  because  this  wire  has  been  raised  by  the 
front  lifting  bar.  In  order  to  allow  it  to  rise,  the  jack 
levers  are  elevated  at  the  ends,  where  they  are  attached 
to  the  shafts  by  cords/.  They  could  not  be  thus  actuated 
if  the  upright  c,  to  which  they  are  also  connected,  were 
not  depressed.  This,  however,  is  the  case,  for  when  the 
first  row  of  uprights  rise,  the  back  row  fall,  and  hence,  in 
the  sketch,  b  is  shown  as  lifted  and  c  as  down. 

The  method  of  depressing  the  healds  is  done  by  lifting 
the  back  row  of  uprights  and  sinking  the  front  row.  Thus 
in  Fig.  235  upright  c1  is  on  bar  2,  and  b1  is  off  bar  1.  The 
effect  is  this,  c1  being  raised  by  the  block,  by  means  of 
cord  e 1  lifts  the  jack  levers  J2  at  z,  and  depresses  them  at  m, 
thus  drawing  down,  through  cords  /\  heddle  h2.  In 
order  to  level  the  shafts  after  they  have  been  lifted  and 
sunk,  the  block  is  allowed  to  fall,  which  admits,  first,  of 
the  heddles  lifted,  being  depressed ;  and,  second,  of  the 
heddles  lowered,  being  lifted.  The  lifting  or  levelling  of 
the  healds  is  accomplished  by  the  springs  s  and  eccentric  e. 
A  strap  passes  from  the  spring  over  e,  and  is  attached  to 
the  wooden  support  on  which  the  base  of  the  uprights 
rest.  Both  sides  of  the  machine  possess  this  arrangement, 
so  that  when  the  block  b  falls  not  only  do  the  lifted  shafts 
sink,  but  those  which  have  been  depressed  by  the  jack 
levers  are  drawn  up  by  the  spring,  strap,  and  eccentric  to 
one  common  level. 

The  various  parts  of  the  machine  operate  as  follows : 
The  Aveaver  first  depresses  the  treadle,  drawing  down  the 
lever  to  Avhicli  it  is  attached,  and  lifting  the  block.  As 
the  latter  contains  the  lifting  bars,  it  elevates  the  upright 
Avires,  Avhich,  in  turn,  actuate  the  healds,  those  in  series  b 
lifting,  and  those  in  series  c,  in  consequence  of  being  in 
communication  Avith  the  jacks  and  the  lower  parts  of  the 
heddles,  depressing  the  shafts.  The  pick  of  Aveft  having 
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been  inserted  into  the  shed,  which  such  an  arrangement  of 
healds  would  produce  in  the  warp,  the  treadle  is  allowed  to 
rise,  when  the  block  descends,  and  the  shafts  are  brought 
into  their  normal  position. 


143.  The  Lags. — There  is  one  important  feature  about 
this  machine  which  has  not  been  referred  to  in  the  previous 
paragraph,  namely,  the  manner  in  which  motion  is  given 
to  the  upright  wires.  Both  series  of  uprights  being  con- 
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nected  to  one  spring  wire,  it  is  only  necessary  to  actuate 
the  latter  in  order  to  impart  movement  to  both  b  and  c, 
Fig.  235.  This  is  done  by  the  lags  (Fig.  237),  into  which 
pegs  are  inserted  according  to  the  pattern  it  is  required 
to  produce.  These  lags  pass  round  the  cylinder,  which 
usually  contains  eight  grooves  and  makes  one-eighth  of  a 
revolution  each  time  the  treadle  is  depressed.  It  is  fixed 
with  its  long  sides  to  the  spring  wires  in  the  supports,  r, 
Fig.  235,  of  the  machine.  To  show  how  the  lags  are  pre¬ 
pared  for  the  loom,  let  it  be  supposed  that  it  is  required 
to  weave  Plan  236;  then,  as  this  #weave  occupies  eight 
threads  and  four  picks,  the  lag  would  contain  eight  holes, 
each  hole  representing  a  thread  in  the  plan  and  a  heald 
shaft  in  the  loom.  The  lag  may  either  be  pegged 
from  the  left  or  right  side,  but  it  is  usual  to  com- 
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Fig.  237. 

mence  with  the  first  hole  on  the  left;  that  is  to  say,  the 
figures  1  to  8  represent  the  same  threads  in  the  weave. 
If  the  blank  spaces  on  the  design  denote  threads  up,  the 
holes  in  the  lags  representing  such  spaces  are  pegged. 
Each  lag  corresponds  to  one  pick;  thus  lag  a  is  the 
1st,  b  the  2nd,  c  the  3rd,  and  d  the  4th  pick  of  the 
weave.  On  this  design  the  1st  pick  reads  thus:  1  thread 
dotted,  1  blank,  1  dotted,  1  blank,  1  dotted,  2  threads 
blank  and  1  dotted.  The  lag  for  this  pick  is  pegged: 

1  hole  empty,  1  pegged,  1  empty,  1  pegged,  1  empty, 

2  pegged  and  1  empty.  So  that  in  preparing  the  lags, 
pegs  are  only  inserted  into  the  holes  corresponding  to  the 
blank  spaces  in  the  several  picks.  The  pegging  of  the 
succeeding  lags,  5,  c,  and  <i,  is  precisely  the  same  as  that 
observed  in  inserting  pegs  into  lag  a. 

144.  Relative  Advantages  of  the  Treadle- Loom  and  Dobbie 
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Shedding. — In  one  particular,  at  least,  the  witch  machine 
has  a  very  considerable  advantage  over  the  treadle-loom. 
Twelve  or  sixteen  shafts  in  the  latter  necessitate  the  use 
of  as  many  treadles  as  it  is  possible  for  the  weaver  feasibly 
to  control.  Moreover  such  a  number  of  heddles  is  not 
sufficient  for  the  requirements  of  the  fancy  woollens  and 
worsted  trades.  The  dobbie  machine  has,  however,  a  weav¬ 
ing  capacity  of  no  less  than  forty-eight  shafts,  and  these 
are  all  workable  by  the  same  treadle.  In  the  direction  of 
the  weft  there  is  no  limit  in  this  shedding  mechanism  to 
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the  size  of  the  pattern.  While  in  the  treadle-loom,  as  has 
already  been  pointed  out,  each  dissimilar  pick  requires  a 
separate  treadle  to  form  it ;  in  the  dobbie  a  weave  or  design 
may  contain  almost  an  unlimited  number  of  picks,  and  yet 
be  as  workable  as  if  it  only  occupied  four  or  eight.  If  the 
treadle  system  can  be  said  to  possess  any  advantages  over 
the  dobbie,  it  is  in  the  variety  of  weave  effects  which  may 
be  obtained  with  one  “tie-up,”  whereas  every  fresh  effect 
in  the  dobbie  necessitates  the  production  of  a  new  set  of 
lags. 

A  few  illustrations  will  show  how  such  changes  are 


364 


WOOLLEN  AND  WORSTED 


possible  in  the  treaclle-loom.  In  Fig.  238,  part  a,  the  tie- 
up  or  cording  plan  is  given  for  Weave  239.  Now  it  will 
be  obvious  that  all  weaves  composed  of  the  same  picks  as 
those  which  form  this  weave,  but  differently  arranged,  will 
be  producible  in  the  same  tie-up.  For  example,  in  Plan 
240  there  are  only  two  classes  of  picks — a  and  b  being 
like  u,  and  c  and  cl  like  e  of  Weave  239.  It  folloAvs,  there¬ 
fore,  that  Fig.  240  could,  if  the  treadles  were  depressed, 
as  indicated  at  n,  in  Fig.  238,  be  produced  in  the  same 
tie-up  as  the  latter  plan.  Plans  234  and  242  could  also  be 
worked  on  the  same  set  of  treadles  and  cording  arrange¬ 
ment.  Consider  Plan  233  first.  Pick  a  here  is  like  a  in 
Weave  241,  pick  b  like  c,  pick  c  like  e,  and  pick  cl  like  g ; 
hence  if  the  treadles  are  depressed,  as  shown  at  c,  Fig.  238, 


allowing  the  last  four  treadles  to  rest,  they  would  give 
the  common  twill  required.  Lastly,  as  to  Weave  241. 
Picks  a  and  cl  of  this  plan  correspond  to  a  of  Weave  239, 
picks  b  and  g  to  y,  picks  c  and  /  to  c,  and  picks  e  and  h  to 
e  of  the  same  figure.  By  treading  as  indicated  at  u,  in 
Fig.  239,  this  arrangement  of  picks  may  be  obtained.  If 
the  last  four  treadles  of  the  cording  plan  were  worked  in¬ 
dependently  of  the  first  four,  they  could  be  made  to  form 
the  plain  cloth,  and  also  a  large  variety  of  warp  cords,  with 
two,  four,  or  six  picks  in  a  shed. 

145.  The  Jacquard  Machine. — -This  shedding  motion  is 
divisible  into  two  parts — the  mechanism  for  producing  one 
repeat  of  the  pattern  as  stamped  on  the  cards,  and  repre¬ 
sented  on  the  design  paper,  or  the  Jacquard  machine 
proper ;  and  the  harness  which  repeats  the  effect  produced 
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by  the  cylinder  and  the  cross  and  upright  wires  from  one 
side  of  the  fabric  to  the  other. 

A  harness  instead  of  a  shaft  mounting,  perforated  cards 
in  place  of  wooden  lags  and  pegs,  are  not  the  only  features 
which  characterize  this  machine.  There  are  some  power- 
looms  in  which  the  cylinder  and  card  apparatus  are  em¬ 
ployed  in  a  modified  form.  Much  of  the  dissimilarity 
between  the  Jacquard  and  the  dobbie  arises  from  the 
arrangement  of  the  upright  and  cross  wires  in  the  respect¬ 
ive  machines.  In  the  dobbie  there  are  but  two  rows  of 
uprights,  one  row  of  which  is  off  the  front  lifting-bar,  and 
the  other  row  on  the  back  lifting  bar.  The  uprights  in 


both  rows  are  actuated  by  the  same  spring  and  cross 
wires.  A  very  different  arrangement  of  wires  obtains  in 
the  Jacquard.  Here  the  uprights  are  arranged  in  four,  six, 
eight,  or  twelve  rows,  each  row  containing  a  series  of  wires 
to  fit  with  the  capacity  of  the  machine.  The  cross  wires 
are  arranged  on  a  similar  system,  and  are  made  to  actuate 
the  uprights  as  required. 

146.  Block  and  Cylinder. — Fig.  242  shows  the  principal 
parts  of  the  machine  for  operating  the  harness.  The  block 
a,  as  in  the  dobbie,  contains  the  lifting  bars.  Here,  how¬ 
ever,  these  bars  vary  in  number  according  to  the  capacity 
or  weaving  range  of  the  machine.  Thus,  in  a  100  machine, 
there  are  four  bars,  in  a  200,  or  400,  eight,  and  in  a  600 
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machine  twelve.  Each  row  of  uprights  requires  a  separate 
lifting  bar.  The  bars  are  fixed  obliquely  in  the  block  to 
prevent  them  from  coming  in  contact  with  the  hooks  of 
the  uprights  when  lowered. 

The  cylinder,  c,  has  four  sides,  each  of  which  contains 
as  many  holes  as  there  are  cross  wires  in  the  machine. 
Each  series  of  holes  corresponds  to  one  row  of  cross  or 
upright  wires.  In  a  400  Jacquard  there  are  eight,  and  in  a 
600  machine,  twelve  series  of  holes.  When  the  block  is 
lifted,  the  clylincler  is  pressed  some  slight  distance  from 
the  front  of  the  machine,  which  brings  the  catches,  d,  into 
action,  for  they  are  fixed  to  the  frame,  and  the  top  catch 
rests  on  the  control  end  of  the  cylinder,  consequently  as 
the.  latter  is  being  pressed  back  it  makes  one-fourth  of  a 
revolution.  As  the  cards  pass  over  the  cylinder,  they  are 
by  this  arrangement  brought  one  by  one  in  regular  succes¬ 
sion  against  the  ends  of  the  needles.  To  pick  back  the 
■weaver  simply  raises  the  catches,  which,  by  bringing  the 
lower  catch  into  action,  reverses  the  movement  of  the 
cylinder. 

147.  Upright  and  Cross  Wires. — The  upright  wires,  w, 
Eig.  243,  are  bent  in  the  form  of  a  hook  at  both  ends.  The 
upper  hooks  rest  over  the  bars,  k ,  of  the  block,  while  the 
neck-bands  of  the  harness,  N,  are  attached  to  the  lower 
hooks.  Each  upright,  as  stated,  must  have  its  corre-- 
sponding  cross  wire,  the  front  end  of  which  plays  against 
the  card  when  the  cylinder  is  brought  in  contact  with  the 
needle-board  of  the  machine.  It  is  completely  bent 
round  the  “upright,”  so  that  whether  pressed  forward  or 
backward  it  imparts  movement  to  the  latter.  The  back 
of  each  cross  wire  is  bent  in  the  form  of  a  hook,  a, 
admitting  of  the  wire  working  between  the  pins  in  the 
grate  of  the  spring-box,  c.  To  keep  the  wire  steady  when 
in  action,  and  also  perfectly  straight,  a  pin,  b,  is  passed 
through  the  grate  and  the  bends  a.  Each  needle  or  cross 
wire  works  against  a  small  spring,  s1  s' 1  s3  s4,  which  gives  it 
a  forward  motion  on  the  card  being  withdrawn,  by  the 
cylinder  d,  from  the  front  of  the  needles.  In  order  to 
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prevent  the  uprights  from  turning  round,  the  grate  y, 
which  contains  as  many  bars  as  there  are  series  of  up¬ 
rights  in  the  Jacquard,  is  fixed  between  the  lower  bends 
of  the  wires,  rising  and  falling  with  them. 

The  number  of  upright  wires  in  a  Jacquard,  as  in  a 
dobbie,  defines  its  weaving  capacity.  On  these  wires  and 
the  cross  wires  depends  the  transference  of  the  pattern,  as 
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stamped  on  the  cards,  on  to  the  warp  in  the  loom ;  for  the 
cross  wires  communicate  the  motion  received  from  the  card 
to  the  uprights,  while  the  latter  actuate  the  neck-bands  of 
the  harness,  n1,  n2,  n3,  etc.,  Fig.  244,  which  lift  their  re¬ 
spective  harness  cords,  and  these,  in  their  turn,  the  threads 
of  warp. 

148.  The  Harness. — Thus  far  the  construction  of  the 
machine  proper  has  only  been  considered.  It  is  necessary 
now  to  ascertain  Kow  the  various  parts  already  described, 
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when  set  in  motion,  reproduce  the  pattern,  as  stamped  on 
the  cards,  in  the  woven  fabric.  It  is  already  understood 
that  in  all  cases  the  Jacquard  is  a  harness  loom,  and  it  is 
the  mounting  of  the  harness  and  the  functions  it  performs 
in  the  weaving  process  that  next  comes  under  con¬ 
sideration. 

The  first  work  to  be  done  in  connection  with  such  a 
mounting  is,  I,  to  decide  on  the  capacity  of  the  machine ; 
II,  the  set  or  number  of  threads  per  inch  required  in  the 
woven  fabric;  and,  III,  the  width  of  the  harness  in  the 
comber-board.  Assuming  these  data  to  be :  I,  a  100 
machine;  II,  32  threads  per  inch;  and,  III,  36  inches 
wide.  The  three  sections  of  a  common  harness  mounting 
are  the  neck-bands ,  the  harness ,  and  the  comber-board. 

In  a  dobbie  machine  twenty -four  upright  wires,  or  jacks 
in  the  power-loom,  imply  a  weaving  capacity  of  twenty- 
four  shafts.  Now  each  of  these  shafts  contains  a  definite 
number  of  healds  to  the  inch,  and  if  the  warp  is  “  straight 
drawn  ”  there  will  be  as  many  repeats  of  the  design  in 
one  inch  as  there  are  liealds  per  inch  on  each  shaft.  Take 
an  illustration :  In  a  loom  mounted  with  sixteen  shafts 
and  forty-eight  healds  per  inch  there  are  three  healds 
per  inch  on  each  shaft,  which  gives  this  number  of  “re¬ 
peats”  of  the  design  in  each  inch  of  the  fabric,  providing 
it  occupies  the  complete  set  or  series  of  shafts.  A  dobbie 
with  sixteen  shafts  can  only  be  made  to  produce  by 
straight  healding  a  sixteen-thread  design.  In  the  100 
Jacquard  under  consideration,  there  being  104  upright 
wires,  but  only  ninety-six  wires  for  figuring  purposes, 
and  eight  wires  for  weaving  the  lists,  a  design  may  occupy 
ninety-six  ends ;  but  as  there  are  no  shafts  to  repeat  the 
pattern  from  side  to  side  of  the  fabric,  some  other  arrange¬ 
ment  has  to  be  adopted.  The  neck-bands  are  employed 
for  this  purpose.  They  perform  the  same  functions  in 
Jacquard  shedding  as  the  shafts  in  dobbie  shedding;  for, 
like  the  shafts,  they  carry  the  healds  which  repeat  the 
design  in  the  fabric.  Each  neck-band,  after  having  been 
attached  to  the  lower  hooks  of  the  upright  wires,  is  con- 
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nected  to  as  many  harness  cords  (equal  healds  in  the 
dobbie)  as  there  are  repeats  of  the  pattern  in  the  width  of 
piece  in  the  loom. 


The  comber-board,  c,  Fig.  244,  is  the  wooden  frame 
through  which  the  lower  ends  of  the  harness  cords  pass. 
Each  cord  passes  through  a  separate  hole.  In  an  ordinary 
mounting,  the  number  of  holes  across  this  frame  corre¬ 
sponds  with  the  number  of  upright  wires  across  the  base 
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or  bottom  of  the  machine,  a.  The  comber-board  deter¬ 
mines  the  width  of  the  harness. 

The  harness  consists,  first,  of  the  harness  cords,  e; 
second,  of  the  mails,  d;  through  which  the  warp  ends  are 
drawn ;  and,  third,  of  the  weights,  or  lingoes,  l.  As  each 
harness  cord  is  mounted  with  a  mail  and  a  lingo,  each 
thread  in  the  warp  is  depressed  by  a  separate  weight. 

The  number  of  harness  cords  controlled  by  each  neck¬ 
band  depends  entirely  on  the  number  of  upright  wires  in 
the  machine,  set,  and  width  of  the  harness.  Thus  in  a 
104  machine,  when  eight  wires  have  been  deducted  from 
the  lists,  it  leaves  ninety-six  wires  for  the  pattern  work ; 
now,  if  this  number  is  divided  into  the  threads  per  inch, 
multiplied  by  the  width  of  the  harness  in  inches,  it  will 
give  the  number  of  repeats  of  the  pattern  in  the  fabric, 
or  the  harness  cords  to  be  tied  to  each  neck -band  ;  or  32 
ends  per  inch  x  66",  width  of  fabric,  -f  capacity  of  the 
machine,  96  wires  =  22  harness  cords  per  neck-band. 

One  method  of  tying  up  the  harness  (Norwich  system) 
conveniently  adopted- in  hand  loom  weaving  is  illustrated 
in  Figs.  244  and  244a,  the  former  being  the  mounting  for 
a  104  machine  and  the  latter  for  a  400  machine,  all  wires 
usuable  for  producing  the  designs.  In  both  sketches  the 
short  sides  or  ends  of  the  machine  are  parallel  with  the 
long  sides  of  the  comber-board.  Two  “  repeats  ”  are 
represented  in  Fig.  244,  and  also  the  first  and  last  series 
of  uprights.  The  plan  adopted  in  tying  up  the  harness 
cords  will  be  evident  from  the  numerals  on  the  upper  and 
lower  comber-boards.  For  example,  the  harness  cords  of 
the  neck-bands  of  the  uprights  ir1,  «r,  iv\  w 4,  always  take 
the  first  series  of  holes  of  each  repeat  in  the  comber- 
board,  c :  the  second  series  of  neck-bands,  not  shown  in 
the  figure,  would  support  the  cords  for  the  second  rank  of 
holes  in  the  comber-board,  and  so  on  to  the  last  or  26th 
set  of  neck-bands,  the  harness  cords  of  which  occupy  the 
row  of  holes  in  the  comber-board  lettered  cwl,  c102,  c103, 
and  clu4.  It  will  be  quite  evident  from  the  few  cords 
sketched,  that  the  harness  when  completed  on  this  system 
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of  “tie-up”  is  very  much  crossed,  causing  considerable 
wear  and  friction  of  the  cords. 


In  the  second  method  (London  “  tie  ”)  of  mounting  the 
harness  such  an  unnecessary  crossing  of  the  harness  cords 
is  avoided.  It  consists  in  fixing  the  Jacquard  with  the 
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long  sides  of  the  neck-board,  b,  Figs.  245  and  245a, 
parallel  with  the  long  sides  of  the  comber-board,  c,  or 
with  the  cylinder  of  the  machine,  either  in  front  or  behind 
the  loom.  On  this  system,  as  seen  in  the  illustrations, 
the  back  row  of  uprights  takes  the  back  row  of  holes,  a,  in 
the  comber-board ;  the  2nd  row,  the  series  b ;  the  3rd  row, 
the  series  c ;  and  the  4th  row,  series  d. 

The  lists  or  selvedges  of  the  fabric  may,  in  Jacquard 


weaving,  be  produced  by  utilizing  a  small  number  of  the 
ordinary  upright  wires  of  the  machine ;  usually,  four  wires 
are  deducted  from  a  100  machine,  eight  wires  from  a  200, 
twelve  from  a  300,  and  sixteen  from  a  400  machine,  and 
employed  in  this  way.  It  is  more  satisfactory  to  have  a 
set  of  wires  and  harness  cords  (l,  l1,  and  l2,  Fig.  2455) 
solely  for  listing  construction,  and,  therefore,  workable 
independently  of  the  wires  of  the  machine  proper,  and  also 
in  producing  any  type  of  selvedge  suitable  to  the  fabric 
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woven.  Such  selvedge  sections,  as  illustrated  in  Fig.  2456, 
are  fixed  on  the  frame  of  the  comber-board,  and  may  be 
adjusted  to  coincide  with  the  width  of  the  texture,  and 
placed  either  at  the  front  or  back  of  the  harness. 


149.  Effect  of  the  Stamped  Cards. — As  explained,  the 
upright  wires  are,  when  the  machine  is  not  in  motion,  all 
on  the  lifting  bars,  so  that  to  form  a  shed  in  the  warp  it 
is  necessary  to  press  some  of  the  wires  off  the  knives  before 
the  block  is  lifted  by  the  lever  and  treadle.  To  effect 
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this  a  series  of  cards,  stamped  according  to  the  design 
intended  to  be  woven,  is  employed.  These  cards  perform 


the  same  functions  as  the  lags  in  the  dobbie,  for  they 
actuate  the  upright  wires.  They  are  prepared  on  the 
card-stamping  machine,  the  plate  of  which  bears  an  exact 
resemblance  to  one  face  of  the  cylinder.  If  the  entire 
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card  were  cut,  it  would  have  precisely  the  same  effect  as 
the  cylinder  without  a  card.  A  hole  in  the  card  denotes 
threads  of  warp  lifted,  and  a  blank  in  the  card  threads 


of  warp  depressed.  The  cards,  when  stamped  and  laced, 
are  a  representation  of  the  design  on  point  paper  in 
another  form.  Each  card  corresponds  to  one  pick  and  to 
the  complete  series  of  threads  in  the  design,  and  hence  the 
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cards  en  bloc  produce  the  pattern  in  the  woven  fabric 
through  the  agency  of  the  upright  and  cross  wires  and  the 
harness  cords. 

A  card  stamped  plain  for  a  104  machine  is  sketched  in 
Fig.  246.  The  black  spaces,  or  rows  1  and  3,  represent  holes 
cut,  and  the  rows  2  and  4  spaces  uncut.  The  former  would 
lift  and  the  latter  depress  threads.  The  effect  of  the  first 
four  spaces  of  this  card,  a,  a,  if  applied  to  a  machine 
mounted  in  a  similar  manner  to  that  sketched  in  Fig.  244, 
may  be  traced.  Take  holes  1  and  3  first.  These  would 
be  opposite  cross  wires  1  and  3,  and  as  all  the  cross 
wires  fit  into  the  perforations  in  the  cylinder  before  any 
card  is  applied,  if  the  card  is  stamped  with  holes  the  wires 
will  still  remain  stationary,  so  that  the  uprights,  w1  and  w8, 
to  which  they  are  attached,  would  be  lifted,  raising  neck- 
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Fig.  246* 

*  Or  No.  1  to  commence  on  the  left  of  the  card. 


bands,  n1  and  n3,  and  harness  cords,  c1 * * *  and  c8,  in  both  the 
first  and  second  repeats  in  the  comber-board.  The  blanks 

2  and  4  would  have  a  different  effect;  covering  the  holes  in 

the  cylinder  opposite  wires  2  and  4,  they  would  press  them 

back  along  with  the  uprights,  w2  and  w4,  admitting  of  the 
block  being  lifted  without  elevating  them;  hence  neck¬ 

bands,  n2  and  n4,  with  their  accompanying  harness  cords, 

would  remain  depressed.  It  will  be  observed  that  the 

spaces  in  the  card  are  numbered  in  the  same  relative  order 
as  the  upright  and  cross  wires,  the  first  space  on  the  card 
corresponding  to  the  first  needle  or  cross  wire  in  the 
Jacquard.  This  space  also  represents  the  first  thread  in 
the  design.  The  holes,  p,  fit  on  to  the  pivots,  m,  Fig.  243 — 
the  small  holes,  /,  are  for  threading  the  lacing  cord  through 
when  stringing  the  cards  together. 

150.  Centre-shed ,  Double- Lift,  and  Open-shed  Machines. — - 
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In  the  ordinary  Jacquard  machine,  when  forming  the 
shed,  the  threads  which  are  not  lifted  remain  in  a  stationary 
position.  To  produce  a  division  in  the  warp  yarns  in  the 
dobbie  and  treadle  looms,  the  threads  are  both  elevated  and 
depressed.  This  is  the  more  satisfactory  method  of  divid¬ 
ing  the  warp,  and  is  termed  centre  shedding.  There  are  cer¬ 
tain  arrangements  for  attaining  this  result  in  the  Jacquard. 
One  of  the  most  effective  motions,  called  the  “  centre-shed  ” 
machine,  consists  in  employing  two  blocks,  the  lower  one 
of  which  rises  when  the  the  upper  one  is  descending,  and 
vice  versa.  Instead  of  the  lower  hooks  of  the  uprights 
resting  on  the  neck-board,  as  at  a,  Fig.  244,  they  rest  on 
the  bars  of  the  lower  block,  which,  when  the  shed  is  being 
formed,  falls,  allowing  the  wires,  which  have  not  been  en¬ 
gaged  by  the  knives  of  the  upper  block,  to  be  drawn  down  by 
the  lingoes  attached  to  their  harness  cords.  By  this  simple 
contrivance  the  shed  opens  from  the  centre  as  in  treadle 
or  double-action  dobbie  weaving.  To  level  the  warp  the 
upper  block  or  grille  lowers  the  uprights  on  its  lifting- 
bars,  while  the  lower  griffe  lifts  the  uprights  resting  on  its 
sinking  bars. 

In  the  ordinary  “double-lift”  Jacquard  there  are  two 
blocks  or  griffes,  whose  lifting  bars  engage  the  upright 
wires  alternately.  For  each  neck-band  of  the  harness  two 
uprights  are  necessary,  so  that  the  number  of  these  wires 
in  the  machine  is  exactly  duplicated.  Each  cross  wire 
operates  a  pair  of  uprights.  The  chief  advantage  of  the 
double  over  the  single  lift  machine  is  in  the  speed  at  which 
it  may  be  run,  the  action  of  the  two  blocks  saving  time 
in  the  changing  of  the  sheds. 

Open  Shed  Jacquard.  The  feature  of  an  “  open  ”  shed 
Jacquard  is  the  retaining  of  lifted  “  uprights,”  and  the 
harness  cords  they  carry,  in  position  for  a  sequence  of 
any  number  of  picks  required  in  the  pattern  or  design. 
One  effective  and  convenient  arrangement  is  sketched  in 
Fig.  247.  Here  each  upright  is  in  duplicate,  and  possesses 
an  upper  and  lower  hook  which  engages  two  series  of 
lifting  bars,  a,  a1,  so  that  the  essential  idea  is  a  hook  on 
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the  upright  other  than  for  lifting  purposes,  and  one  that 
may  be  engaged  by  a  holding-up  bar,  b.  Once  resting  on 
this  bar,  it  remains  in  that  position  so  long  as  the  cards 
carried  against  its  cross  wire  contains  a  perforation ;  a 
blank  forces  it  back  as  the  pulley,  e,  is  passing  up  the 
groove  of  the  eccentric  part,  d,  causing  the  cross  wire,  s1 
or  s2,  etc.,  to  be  forced  backward,  and  thereby  carrying  the 
hook  off  the  holding-up  bar,  b.  Whilst  the  retention  of  a 
wire  in  the  upper  position  is  thus  rendered  certain,  the 
depression  is  equally  so  when  any  upright  is  removed  by 
the  action  of  the  cards  off  the  stationary  bars. 

151.  Harness  and  Shaft  Mountings. — For  some  classes  of 
figured  fabrics  it  is  necessary  to  have  recourse  to  both 
harness  and  shaft  mountings.  The  usual  method  of  ar¬ 
ranging  such  a  mounting  is  for  the  shafts  s1  s'1  to  be  placed 
in  the  front  of  the  harness  just  behind  the  lay  or  batten, 
Fig.  245c.  They  are  lifted  by  special  upright  wires,  h, 
and  depressed  by  weights  or  lever  and  spring  mechanism. 
In  weaving  silk  plushes  and  other  compound  decorative 
or  figured  fabrics,  the  healds  contain  the  ground  warp,  and 
the  harness  the  figuring  yarns.  By  this  combination  of 
mountings  a  very  fine,  rich  texture  is  producible.  In  a 
second  type  of  harness  and  shaft  combination,  known  as 
the  “  pressure  healds  ”  system,  the  shafts  or  heddles  are 
employed  for  weaving  or  inserting  the  ground  into  the 
figure  or  design  formed  by  the  harness.  Thus  some  three, 
four,  five,  or  even  eight  ends  are  drawn  through  each  mail 
in  the  harness  and  then  separated  in  the  healds — the  latter 
possessing  mails  of  such  a  length  as  to  admit  of  a  shed 
being  formed  in  the  warp  by  the  harness  when  they  are  all 
on  one  level.  The  process  consists  in  the  harness  elevat¬ 
ing  the  threads  in  groups  to  produce  the  required  figure, 
when  it  remains  stationary  until  the  necessar}^  number  of 
sheds  has  been  formed  by  the  heddles  to  weave  the  ground 
of  the  texture.  This  class  of  mounting  is  largely  used 
in  weaving  figured  damasks,  and  other  fabrics  elaborately 
ornamented  with  design. 

In  what  is  termed  the  “  split  ”  harness,  the  cords  are  in 
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duplex  form  just  below  the  comber-board,  admitting  of  the 
insertion  of  shafts,  which  may  be  lifted  by  special  wires  in 


the  Jacquard  or  operated  by  tappets  or  a  dobbie  motion. 
If,  for  example,  the  harness  were  tied  up  in  eight  rows, 
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each  shaft  would  receive  one-eiglith  of  the  cords,  allowing 
of  the  formation  of  four  and  eight  shaft  weaves  in  the 
ground  of  the  fabric. 

152.  Uses  and  Advantages  of  the  Jacquard  Shedding 
Mechanism. — The  Jacquard  is  a  principle  of  shedding 
entirely  distinct  from  the  dobbie  or  treadle  motions.  The 
machine  is  so  constructed  that  it  affords  practically  un¬ 
limited  scope  for  pattern  production.  A  design  of  forty- 
eight  threads  is  the  limit  to  what  may  be  feasibly  obtained 
in  the  dobbie  without  drafting;  but  in  the  Jacquard, 
patterns  may  be  woven  containing  from  100  to  1,200  ends, 
or,  in  certain  classes  of  damasks,  some  fifty-six  or  more 
inches  in  a  repeat  or  width.  It  is  not  an  uncommon  practice 
to  employ  a  1,200  machine  (that  is,  a  Jacquard  which  admits 
of  the  production  of  designs  containing  this  number  of 
threads,  each  of  which  performs  a  distinct  part  in  the  con¬ 
struction  of  the  design)  in  the  weaving  of  silk  fabrics  and 
other  figured  textures.  By  tying  up  the  harness  on  the 
pointed  draft  principle  such  a  machine  may  be  made  to  form 
a  pattern  of  a  diamond  or  lozenge  shape,  which  will  contain 
twice  this  number  of  threads  in  a  repeat.  Moreover,  the 
Jacquard  loom  admits  of  these  facilities  for  the  production 
of  decorative  styles,  without  any  special  complication  of 
parts. 

To  demonstrate  the  advantages  of  this  machine  in  ex¬ 
perimental  designing,  it  may  be  supposed  that  three 
dobbie  looms  are  available,  mounted  with  twenty-four, 
thirty-two,  and  thirty-six  shafts,  and  the  range  of  pattern 
work,  producible  in  them,  compared  with  that  possible  in 
a  384  Jacquard.  In  these  mountings  it  is  practicable  to 
obtain  eleven  variations  in  the  number  of  shafts  a  design 
may  occupy,  unless  the  looms  are  remounted,  which  would 
mean  the  labour  of  re-drawing  the  warp,  and  cause  a  con¬ 
siderable  loss  of  time.  In  the  Jacquard  named  fourteen 
variations  are  possible,  including  those  weaves  that  may  be 
produced  in  the  twenty-four,  thirty-two,  and  thirty-six 
shaft  dobbie  looms,  with  two  exceptions.  But  in  addition 
to  these  fourteen  variations  in  the  number  of  threads 
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occupied  by  any  weave,  and  which,  when  woven,  run 
out  in  the  Jacquard,  and  make  a  perfect  piece  of  cloth,  it 
is  possible  to  produce,  without  re-drawing  the  warp,  or 
any  other  alteration  in  the  mounting  of  the  loom,  weaves 
ranging  from  three  to  any  reasonable  number  of  shafts 
used  in  the  construction  of  single-make  textures,  although 
such  weaves  may  not  properly  or  evenly  divide  into  the 
total  number  of  threads  in  the  Jacquard.  For  instance, 
a  384  machine  would  give,  in  a  set  of  forty-eight  threads 
per  inch,  a  pattern  of  eight  inches;  in  a  set  of  sixty- four 
threads  per  inch,  a  pattern  of  six  inches ;  in  a  set  of  seventy- 
two  threads  per  inch,  a  pattern  of  five  and  a  third  inches ; 
and  in  a  set  of  ninety-six  threads  per  inch,  a  pattern  of 
four  inches  in  size.  So  that  although  the  total  number  of 
threads  which  forms  the  capacity  of  the  Jacquard  may  not 
be  a  multiple  of  the  number  of  threads  in  the  weave,  yet 
such  a  design  may  be  tested,  and  a  perfect  sample  of  cloth 
produced,  without  any  time  or  labour  being  spent  in  pre¬ 
paring  the  loom,  further  than  that  of  cutting  a  few  cards. 
Supposing,  for  the  purpose  of  illustration,  a  nine-shaft 
weave  is  taken  (and  384  is  not  a  multiple  of  this  number), 
there  would  be  in  the  woven  fabric  forty-two  repetitions 
of  the  weave  before  any  break  would  occur  in  the  pattern, 
which  would  form,  if  woven  in  the  finest  set  named — 
ninety-six  threads  per  inch — a  four-inch  sample  of  fabric, 
sufficiently  large  to  show  the  effect  of  the  design. 
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157.  Methods  of  Driving — 158.  Timing  of  the  Motions — 159.  Prin¬ 
ciples  of  Warp  Shedding  — 160.  “  Open  ”  and  “  Closed  ”  Shedding  — 
161.  Shedding  Mechanism— 162.  Principle  of  the  Yorkshire  Tappet 
Motion — 163.  Methods  of  Depressing  the  Healds  in  Yorkshire 
Tappet  Looms — 164.  Woodcroft  Tappet  Mechanism — 165.  Varia¬ 
tion  of  the  Speed  of  the  Tappet  Shaft — 166.  Construction  of  Tappets 
— 167.  Stroke  of  the  Tappet — 168.  Dobbie  Shedding  Mechanism — 
169.  Vertical  Lever  Dobbie — 170.  Horizontal  Lever  or  “  Shovel  ” 
Dobbie — 171.  The  Keighley  and  Angle  Dobbies — 172.  Beversing 
and  Levelling  Motions — 173.  The  American  or  Wheel  Dobbie — 
174.  Formation  of  the  Shed  in  the  American  Loom — 175.  Picking 
Motions — 176.  Under  Pick  Motion — 177.  Automatic  Warp  Let-off 
Motions — 178.  Winding  of  the  Fabric  on  to  the  Piece  Beam — 
179.  Change  Wheel  Setting-up — 180.  Shuttle  Box  Mechanism — 
181.  Vertical  or  Drop-Box  Motions — 182.  Construction  of  Shuttle 
Box  Chains — 183.  Weft  Forks — 184.  Shuttle  Box  Pressure  Spring — 
Bigid  or  Mechanical Heald-Shaft  Connections:  185.  Shedding 
on  the  G-oing-Part — 186.  Mechanical  Heald- Shaft  Connections, 
Woodcroft  Tappet  Loom — 187.  Mechanical  Heald-Shaft  Connec¬ 
tions,  Yorkshire  Tappet  System — 188.  Bigid  Ileakl-Shaft  Connec¬ 
tions,  Dobbie  Mechanism.  Automatic  Wefting:  189.  Northrop 
Automatic  Weft  Motion — 190.  Shuttle  Changing  Mechanism. 

153.  The  Power-Loom. — Weaving’,  whether  considered 
from  an  artistic  or  a  mechanical  standpoint,  is  one  of  the 
most  important  operations  of  textile  manufacture.  Other 
operations  are  only  of  secondary  importance,  having  for 
their  object  the  preparation  of  the  raw  material  for  the 
loom,  or  the  improvement  of  the  appearance,  handle,  and 
surface  of  the  woven  product.  On  the  process  of  weaving 
depends,  to  a  very  considerable  extent,  the  success  of 
manufacture  in  general.  The  employment  of  good,  sound, 
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even  yarn  cannot  possibly  result  in  the  production  of 
satisfactory  fabrics  providing  the  motions  of  the  loom  are 
in  anywise  defective. 

The  power-loom  is1  constructed  to  form  the  shed  in  the 
warp  according  to  the  required  pattern  or  design ;  to  propel 
the  shuttles  in  consecutive  order  across  the  piece ;  to  beat 
the  picks  of  weft  into  close  contact  with  each  other  ;  and 
to  produce  a  woven  fabric  and  finally  wind  it  on  to  the 
piece-beam.  The  loom  also  possesses  other  minor  motions 
for.  facilitating  quick  weaving,  such  as  the  arrangement 
by  which  it  is  brought  to  a  standstill  without  interference 
on  the  part  of  the  weaver  should  the  weft  yarn  be  broken 
or  run  off  the  bobbin;  and  the  motion  for  stopping  the 
loom  if  the  shuttles  do  not  reach  their  proper  destination. 

154.  Invention  of  the  Fly  Shuttle. — Until  1733  only  one 
method  of  wefting  was  known,  namely,  that  of  throwing 
the  shuttle,  containing  the  weft  thread,  from  selvedge  to 
selvedge  of  the  cloth.  To  force  the  weft  thread  last  intro¬ 
duced  into  the  warp  into  immediate  contact  with  the 
“fell”  of  the  cloth,  the  going-part  or  batten — actuated  by 
the  hand  of  the  weaver  which  had  just  cast  the  shuttle — 
was  brought  against  the  woven  piece.  One  weaver  could 
only  operate  a  narrow  loom:  so  that  in  weaving  broad 
cloth  two  operatives  were  needed,  one  standing  on  each 
side  of  the  warp  and  throwing  and  catching  the  shuttle  in 
succession.  Kay’s  invention  superseded  this  primitive  and 
defective  system  of  inserting  the  weft  yarn  into  the  open¬ 
ings  or  “  sheds  ”  produced  in  the  warp  to  form  the  cloth. 
His  contrivance  may  be  defined  as  a  means  of  imparting 
the  requisite  momentum  to  the  shuttle  to  force  it  across 
the  warp.  It  has  been  applied  to  all  classes  of  looms.  The 
designation  “  fly  ”  shuttle  is  most  apt,  as  it  at  once  indi¬ 
cates  the  swiftness  with  which  weaving  may  be  performed 
when  Kay’s  mechanism  is  used,  and  also  distinguishes  it 
in  principle  of  operation  from  the  hand-thrown  shuttle. 
Kay,  the  reed-maker,  as  he  styled  himself  (he  was  the  first 
to  make  dents  of  polished  metal  instead  of  reeds),  conceived 
the  idea  of  fixing  a  “race”  or  track,  on  which  the  shuttle 
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might  travel,  to  the  base  of  the  going-part ;  and  also  devised 
a  contrivance  which  could  be  easily  controlled  by  the 
right  hand  of  the  weaver  for  forcing  it  successively,  how¬ 
ever  wide  the  piece  might  be,  from  edge  to  edge  of  the 
warp. 

155.  Invention  of  the  Power- Loom. — The  earliest  record 
of  an  attempt  at  power-loom  weaving  is  found  in  the 
“Journal  des  Savants,”  1678.  It  was  the  invention  of 
M.  de  Gennes,  and  though  interesting  on  account  of  its 
early  origin  had  no  bearing  upon  power-loom  development. 
It  was  not  even  an  initiative  step  in  that  direction.  This 
step  is  attributable  to  R.  and  T.  Barber,  of  Bilborough, 
Nottinghamshire,  who  patented  in  1774  a  complete  plant 
of  automatic  spinning  and  weaving  machinery ;  or,  to  use 
their  own  words,  “  machines  for  heckling,  twining,  divid¬ 
ing^  spinning  and  twisting  into  threads  divers  kinds  of 
vegetable,  animal  and  fossil  substances,  which,  by  being 
connected  with  a  weaving  loom  and  worked  by  men,  horses, 
cattle,  fire,  air  or  water,  may  with  uncommon  expedition 
be  applied  to  working,  warping  and  weaving  various  pat¬ 
terns  useful  to  society.” 

These  inventions  included  a  definite  endeavour  at  auto¬ 
matic  weaving.  The  system  of  shuttling  adopted  was  sound, 
and  bears  some  resemblance  to  the  “  cone  ”  pick  now  in  use. 
The  plan  of  working  the  healds  for  dividing  the  warp  was 
also  ingenious.  Perhaps  the  main  drawback  to  the  loom 
was  the  mode  of  actuating  the  going-part.  To  accomplish 
this  necessary  movement  automatically,  the  batten  was 
secured  to  a  movable  carriage,  whose  action  was  controlled 
by  the  revolutions  of  the  main  or  driving  shaft  running 
from  end  to  end  of  the  loom.  In  the  Barbers’  loom  the 
driving  wheel  was  fixed  on  the  end  of  the  central  shaft, 
the  rotations  of  which  imparted  motion  to  all  other  sections 
of  the  loom.  First,  the  shedding  was  effected  by  levers 
mounted  with  small  pulleys,  which  played  upon  the 
treadles  running  underneath,  and  which  were  connected 
with  the  heald  shafts.  Second,  the  picking  motion  con¬ 
sisted  of  uprights  mounted  with  eccentrics,  and  fixed  at 
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each  side  of  the  going-part,  so  that  when  engaged  by 
u  strikers  ”  (keyed  on  to  the  rotating  shaft)  they — the  up¬ 
rights— oscillated  or  twisted,  and  forced  the  pickers,  to 
which  they  were  fastened  by  string  gearing,  to  drive  the 
shuttle  across  the  warp.  Lastly,  the  going-part  received 
motion  from  a  carriage  which  moved  backward  and  forward 
on  a  frame,  the  forward  movement  being  due  to  lever  and 
weight  gearing,  and  the  backward  traverse  to  the  main 
shaft,  as  it  turned,  drawing  up  the  carriage. 

There  were  no  appliances  for  delivering  the  warp,  and 
winding  up  the  fabric  during  weaving,  and  hence  these 
operations  had  to  be  manually  attended  to.  At  the  best, 
this  loom  was  only  partially  automatic,  and  was  less  pre¬ 
ferable  in  practice  than  the  hand-loom. 

Cartwright’s  hrst  invention  was  patented  in  1785.  It 
cannot  be  pronounced  as  a  success.  Writing  on  the  subject 
he  states  :  “As  I  had  never  before  turned  my  thoughts  to 
anything  mechanical,  either  in  theory  or  practice,  nor  had 
ever  seen  a  loom  at  work,  or  knew  anything  of  its  con¬ 
struction,  you  will  readily  suppose  that  my  first  loom  must 
have  been  a  rude  piece  of  machinery.  The  warp  was  placed 
perpendicularly,  the  reed  fell  with  the  force  of  at  least 
half-a-hundredweight,  and  the  springs  which  threw  the 
shuttle  were  strong  enough  to  have  thrown  a  Congreve- 
rocket.  It  required  the  strength  of  two  powerful  men  to 
work  the  machine  at  a  slow  rate,  and  only  for  a  short 
time ;  but  I  succeeded  in  weaving  by  its  aid  a  piece  of 
coarse  cloth,  like  sail  cloth.  Conceiving  in  my  simplicity 
that  I  had  accomplished  all  that  was  required,  I  then 
secured  what  I  thought  a  most  valuable  property  by  a 
patent  on  the  4tli  of  April,  1785.  This  being  done,  I  then 
condescended  to  see  how  other  people  wove,  and  you  will 
guess  my  astonishment  when  I  compared  their  easy  mode 
of  operation  with  mine.  Availing  myself,  however,  of 
what  I  then  saw,  I  made  a  loom  in  its  general  principle 
nearly  as  they  are  now  made.”  This  second  loom  of  Cart¬ 
wright’s  was  in  its  way  a  masterpiece.  Whilst  adopting 
the  hand-loom  as  a  basis  of  construction,  and  thereby 
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acquiring  a  workable  loom,  lie  invented  various  new 
motions,  many  of  which  still  live  in  the  power-loom.  So 
great  is  the  difference  between  Cartwright’s  primary  and 
secondary  efforts  at  weaving  mechanism,  that  they  are  like 
the  works  of  independent  inventors.  Practically,  they 
have  no  parts  or  motions  in  common.  The  loom  of  1785 
is  the  origination  of  one  entirely  ignorant  of  the  elementary 
principles  of  the  weaver’s  art,  whereas  that  of  1786  dis¬ 
plays,  in  every  detail  of  its  mechanism,  the  study  Cart¬ 
wright  had  been  making  of  the  various  operations  requisite 
in  cloth  weaving,  and  of  the  ends  to  be  attained  in  an 
automatic  loom. 

To  make  the  advantages  of  his  new  invention  all  the 
more  apparent,  it  was  designed  not  only  to  perform  with 
tolerable  accuracy  all  the  common  operations  in  weaving, 
but  it  stopped  without  the  interference  of  the  attendant 
on  the  breakage  of  warp  threads  ;  it  ceased  to  wind  up  the 
cloth  when  the  weft  failed  to  be  delivered  by  the  shuttle ; 
it  sized  the  warp  on  its  passage  to  the  healds ;  it  regulated 
the  supply  of  the  warp  or  chain  and  the  winding  up  of 
the  woven  fabric  on  to  the  piece-beam  ;  and  it  adjusted  the 
temple  or  stretcher.  It  is  in  the  conception  of  these  addi¬ 
tional  motions  that  Cartwright  may  claim  to  be  the  inventor 
of  the  power-loom.  His  skill  and  constructive  faculty  are 
evident  in  their  design  and  contrivance.  With  the  excep¬ 
tion  of  the  sizing  apparatus  and  the  mechanism  utilized 
for  stopping  the  loom  on  the  breakage  of  warp  threads,  all 
the  motions — with,  of  course,  others  that  have  since  been 
discovered — live  in  the  modern  power-loom. 

When  the  power-loom  was  first  invented  it  was  simply 
sought  to  produce  a  woven  fabric  without  manual  labour. 
Shuttle-box  and  other  important  motions  have  all  been 
subsequent  inventions — the  natural  outgrowth  of  the 
practical  possibility  of  cloth  weaving  by  power.  Auto¬ 
matic  weaving,  barely  a  century  ago,  was  in  itself  a 
wonder.  The  process  was  slow  and  imperfect — the  loom, 
when  completed  by  Dr.  Cartwright  in  1787,  being  heavy 
and  ponderous,  if  not  clumsy  in  construction.  Soon, 
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however,  the  weaving  capacity  of  the  shedding  contrivance 
was  enlarged,  and  shuttle-box,  positive  letting-off,  positive 
setting-up,  and  weft  fork  motions  were  added.  Amongst 
the  contributors,  in  a  distinguished  way,  during  the  first 
half  of  the  century  to  improving  the  mechanism  of  the 
loom  were  Marsland,  Horrocks,  Gorton,  Bowman,  Roberts 
(all  workers  on  the  tappet  loom),  Woodcroft,  Rostron, 
Clark,  Jamieson,  Knowles,  Collier,  Myercough.  The  last 
five  are  known  for  their  inventions  of  dobbie  motions. 
Such  is  the  progress  that  has  been  made  in  power-loom 
construction  that  now  elaborate  ribbons,  carpets,  and 
damask  fabrics,  as  well  as  the  ordinary  classes  of  tex¬ 
tiles,  are  automatically  producible  with  astonishing  rapidity 
and  correctness.  Pile  or  plush,  and  gauze  or  leno  tex¬ 
tures  are  also  woven  by  power,  the  wires  employed  in 
the  production  of  the  former  class  of  textures,  which  in 
hand-loom  weaving  are  inserted  manually,  are,  in  power- 
looms  specially  constructed  for  pile  weaving,  introduced 
into  their  proper  sheds  and  afterwards  withdrawn  me¬ 
chanically. 

The  range  of  textiles  which  has  hitherto  only  been 
made  on  the  hand-loom  is  becoming,  in  consequence  of 
the  constant  development  of  the  power-loom,  more  limited 
every  year.  It  is  only  in  the  production  of  fabrics  in  the 
weaving  of  which  continual  and  elaborate  changes  have  to 
be  made  in  the  order  of  the  weft  colourings,  and  in  which 
the  utmost  care  and  intelligent  skill  are  necessary  to  pro¬ 
duce  a  perfect  texture,  that  the  former  is  still  employed — 
excluding,  of  course,  its  pre-eminent  uses  as  a  pattern  loom. 

156.  Fast  and  Slow  Running  Looms. — When  the  me¬ 
chanism  of  the  loom  had  been  so  far  improved  as  to  be 
sound  in  principle,  attempts  were  made,  with  considerable 
success,  to  increase  the  speed  of  its  motive  parts,  or  to 
produce  a  fast  or  quick  running  loom.  The  result  is  that 
now  there  are  looms — quick  and  slow  running,  heavy  and 
light  in  build — varying  in  speed  from  80  to  220  picks 
per  minute.  The  most  improved  loom  for  weaving  fancy 
woollens  and  worsteds  runs  on  an  average  at  110  picks 
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per  minute,  the  shuttle  travelling  100  or  more  inches  for 
each  pick. 

That  one  loom  may  be  made  suitable  for  producing  all 
classes  of  fabrics,  such  as  light  stuff  textures  and  heavy 
overcoatings,  is  impracticable.  Experience  has  taught 
both  the  loom-maker  and  the  cloth  manufacturer  that  the 
weight  and  construction  of  the  loom  must  correspond 
with  the  strength  and  thickness  of  the  texture  it  is  re- 
quired  to  weave.  E or  fine  worsted  fabrics,  or  woollens  made 
of  satisfactory  yarns,  a  quick-running  loom  is  a  consider¬ 
able  advantage ;  but  in  cloths  requiring  heavy  wetting,  or 
in  which  the  warp  is  tender,  a  slow-speeded  loom  of  a 
heavier  build  is  preferable.  It  does  not  necessarily  follow 
that  the  most  satisfactory  weaving  is  the  quickest.  Weav- 
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ing  experiments  have  been  carried  out  by  which  a  more 
profitable  return  has  resulted  from  running  at  a  slower 
than  a  higher  speed;  the  cause  of  this  apparent  anomal}' 
being  that  the  pieces  from  the  slow  loom  were  compara¬ 
tively  perfect  while  those  from  the  quick  loom  necessitated 
extra  mending  and  repairing  in  the  finishing  operations, 
involving  considerable  expense  to  make  them  marketable. 
Clearly  there  can  be  no  advantage  in  using  a  fast-run¬ 
ning  loom  with,  perhaps,  one-sixth  as  much  more  turn-out 
as  a  slow-running  loom,  if  the  cloths  produced  are  imper¬ 
fect  or  damaged.  As,  however,  fast-running  is  frequently 
desirable,  looms  should  be  employed,  the  speed  of  whicli 
may  be  varied  to  meet,  with  the  greatest  facility,  the 
requirements  of  the  change  in  the  strength  and  elasticity 
of  the  warp  yarns,  and  the  weight  of  cloth  manufactured. 
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157.  Methods  of  Driving. — Each  class  of  motion  in  many 
builds  of  power-loom  is  actuated,  either  directly  or  in¬ 
directly,  by  the  crank  or  main  shaft,  which  extends  from 
side  to  side  of  the  loom.  In  light-built  under-pick  looms 
the  arrangement  is  very  frequently  that  represented  in 
Figs.  248  and  260.  The  pulley,  p,  drives  the  main  shaft,  c, 
which  by  means  of  wheels,  d  and  e,  imparts  motion  to  the 


low  shaft,  l.  The  latter  shaft  carries  the  picking  cams, 
and,  in  tappet  looms,  Fig.  248,  the  loose  tappet  wheel,  w. 
In  both  these  instances,  as  the  crank  shaft  is  mounted 
with  the  strap  pulley,  the  loom  is  driven  directly.  There 
is,  however,  a  plan  of  driving  the  crank  or  main  shaft  off 
the  low  or  bottom  shaft  known  as  indirect  driving.  Mo¬ 
tion  in  such  looms  is  produced  by  a  short  shaft  placed  at 
right  angles  to  the  crank,  connection  with  the  latter  being- 
obtained  by  a  pair  of  bevel  wheels,  the  smaller  one  of  which 
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is  the  change  wheel.  This  driving  gear  is  shown  in  Fig.  249. 
Llere  a  is  the  driving  pulley  fixed  on  the  short  shaft,  g, 
which,  by  means  of  the  change  wheel,  A,  and  the  bevel 
wheel,  b,  gives  motion  to  the  low  shaft,  f.  Wheel  c  then 
imparts  movement  to  d,  which  drives  the  main  shaft,  e. 
Indirect  and  friction  drive — the  belt  pulley  on  shaft  g, 
Fig.  249,  being,  in  such  a  drive,  on  starting  the  loom, 
operated  by  friction  gear — has  two  advantages;  first,  it 
effects  an  immediate  full-speed  start  of  the  loom,  which 
is  impossible  in  all  instances  in  transferring  the  belt  from 
a  loose  to  a  fast  pulley;  and  second,  the  increased  facility 
with  which  the  speed  of  the  loom  may  be  varied  by  altering 
the  size  of  the  change  wheel,  A. 

Assuming  the  crank  shaft  has  been  set  in  operation, 
the  routine  in  which  it  transmits  motion  to  the  various 
parts  of  the  loom,  such,  for  example,  as  the  shedding 
apparatus,  the  shuttle-box  motion,  letting-off,  setting-up, 
and  picking  gearings,  may  be  traced.  These,  as  under¬ 
stood,  are  the  principal  motions  in  every  variety  of  loom, 
and,  when  mastered,  form  a  fair  idea  of  the  complete  fabric- 
producing  mechanism,  whatever  the  technical  merits  of 
the  loom  considered,  and  the  efficiency  of  its  mechanical 
construction  as  an  automatic  machine. 

158.  Timing  of  the  Motions.  —  The  order  in  which  the 
various  motions  of  the  power-loom  operate  in  relation  to 
each  other  is  as  follows :  I,  the  shedding  apparatus  begins 
to  raise  and  depress  the  warp  threads  as  the  going-part 
or  lay  touches  the  cloth;  II,  the  picking  motion  begins  to 
drive  the  shuttle  across  the  warp  as  the  going-part  is 
half  its  complete  traverse  from  the  cloth,  or  when  the 
crank  is  at  the  bottom;  III,  the  weft  is  driven  home  by 
the  forward  movement  of  the  reed  as  the  shed  closes;  I  A', 
the  piece  is  set  up  and  the  warp  let  off  simultaneously 
with  the  beating  up  of  the  weft;  and,  V,  in  drop-box 
looms,  the  shuttle  boxes  rise  and  fall  with  the  shed. 

On  the  position  of  the  crank,  a,  Figs.  248  and  260, 
depends  the  action  of  the  various  motions.  Thus,  as 
the  crank  is  connected  with  the  race  of  the  going- 
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part,  it  moves  the  latter  forward  and  backward  altern¬ 
ately  as  the  main  main  shaft  revolves.  With  a,  Fig.  248, 
in  the  top  position,  and  approaching  the  piece  the  shed 
is  closed,  and  continues  so  until  the  crank  is  in  a  straight 
line  with  the  warp  threads,  when  the  reed  presses  against 
the  fabric :  at  this  j  uncture  the  shed  begins  to  open  and  is 
not  fully  formed  until  a  is  at  the  bottom  position,  when  the 
shuttle  is  propelled  across  the  piece,  the  shed  remaining 
open  until  the  crank  points  from  the  cloth,  and  it  then 
begins  to  close.  In  the  “open”  shed  loom  the  timing  is 
the  same,  with  this  exception,  the  shed  remains  open 
during  the  traverse  of  the  crank  from  the  bottom  to  the 
top  positions,  the  heald  shafts  changing  if  necessary  as 
the  crank  a  travels  towards  the  piece. 

159.  Principles  of  Warp  Shedding. — Considering  the 
motions  in  automatic  weaving  in  the  routine  of  occurrence, 
warp  shedding  may  be  first  considered. 

Several  forms  of  shedding  mechanism  are  employed 
comprising  three  distinct  principles,  namely : — 

(1)  Lifting  a  prescribed  series  of  the  warp  threads  to 
form  the  upper  part  of  the  shed,  a  second  prescribed  series 
remaining  stationary  to  form  the  bottom  part  of  the  shed ; 
so  that  the  shed  is  closed  by  lowering  the  threads  thus 
lifted. 

(2)  Shedding  or  dividing  the  threads  from  the  warp 
line  by  lifting  one  series  and  depressing  a  second  series  of 
threads,  both  series  traversing  the  same  distance  from  the 
starting  or  normal  line ;  to  close  the  shed  the  upper 
portion  of  the  warp  is  lowered,  and  the  bottom  portion 
raised  to  the  same  level.  This  is  termed  “  closed  ”  or 
“  centre  ”  shedding. 

(3)  Shedding  by  lifting  certain  warp  threads  from  the 
bottom  to  the  top  position  and  vice  versa ,  and  retaining 
such  threads,  in  either  one  or  other  of  these  positions,  for 
a  number  of  picks  in  succession.  The  warp  threads  by 
this  system  are  not,  therefore,  in  weaving,  brought  on  to  a 
central  line.  This  is  known  as  “  open  ”  shedding. 

160.  “  Open  ”  and  “  Closed  ”  Shedding. — Generally,  fast- 
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running;  looms  are  constructed  on  the  former,  and  slow- 

o 

running  looms  on  the  latter  principle.  On  the  “  closed  ” 
shed  system  the  healds  are  levelled  after  the  intersection 
of  each  pick,  and  the  shed  is  formed  from  the  centre ;  that 
is,  if  a  shaft  for  the  preceding  shed  has  been  depressed 
and  afterwards  requires  lifting,  it  would,  in  the  first  place, 
be  brought  to  the  centre,  and  then  lifted,  the  motion,  in 
reality,  being  of  a  twofold  character.  In  other  words,  in 
“  closed  ”  shedding  looms  the  shafts  are  brought  on  to 
one  level  after  the  insertion  of  each  pick  of  weft  into  the 
warp.  This  process  is  gone  through  whether  the  succeed¬ 
ing  shed  is  precisely  the  same  in  the  design  or  not.  For 
example,  taking  the  weave  to  be  the  6-shaft  mat,  in  which 
the  first  three  picks  are  alike,  namely,  three  shafts  de¬ 
pressed  and  three  lifted.  In  a  Close-shecl  dobbie,  the 
operations  would  be  as  follows :  Starting  from  the  centre 
or  warp  line,  Shafts  1,  2,  3,  would  be  depressed,  and 
Shafts  4,  5,  6,  lifted,  and  then  the  shed  closed  or  the 
shafts  returned  to  the  centre  line ;  for  picks  2  and  3,  these 
operations  would  be  repeated  though  there  is  no  change  in 
the  weave.  There  would  thus  be  six  operations  for  three 
picks  of  the  weave,  or  twelve  operations  for  the  six  picks ; 
whereas,  in  the  Open-shed  there  would  be  only  two  opera¬ 
tions  for  the  same  number  of  picks.  This  at  once  shows 
that  the  Open-shed  has  the  advantage  in  regard  to  less 
work  on  the  heald  shafts  and  strain  on  the  warp.  In 
favour  of  the  Close-shed ,  it  should  be  stated  that  certain 
types  of  weaves  may  be  more  satisfactorily  woven  by  this 
principle.  The  feature  of  the  shed  being  closed  after  the 
insertion  of  each  pick,  assists  in  retaining  the  picks  in  the 
order  in  which  they  are  inserted. 

161.  Shedding  Mechanism. — This  comprises  three  prin¬ 
cipal  types:  I,  the  Tappet;  II,  the  Dobbie;  and  III,  the 
Jacquard,  the  construction  of  which  has  been  defined. 

Tappet  mechanism  is  the  most  elementary  in  arrange¬ 
ment  of  parts  and  principle  of  action.  It  includes  several 
systems  which  may  be  explained  bjr  reference  to  the 
Woodcraft  or  Lancashire,  and  the  Yorkshire  tappet 
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looms.  The  tappets  are  the  agents  which  control  the  de¬ 
pression  and  raising  of  a  set  of  levers  which,  by  suitable 
connections  and  additional  series  of  levers,  maintain, 
in  weaving,  an  automatic  and  constant  shedding  of  the 
warp. 

An  elemental  difference  in  principle  of  work  obtains 

between  the  Yorkshire  and  the  Woodcroft  svstems.  The 

•/ 

former,  in  ordinary  looms,  is  only  a  positive  motion  for 
lifting  the  heald  shafts,  the  lowering  or  drawing  down  of 
such  shafts  being  done  by  separate  and  non-positive  con¬ 
trol;  but  in  the  latter  (Woodcroft),  the  construction  of  the 
tappets  and  lever  connections  to  the  top  and  lower  portions 
of  the  shedding  units,  establishes  a  uniform  and  automatic 
movement  of  such,  in  both  their  upward  and  downward 
traverse. 

Where  one  movement,  either  up  or  down,  is  non-positive, 
special  mechanical  appliances  may  be  used  which  are,  in  a 
sense,  an  independent  part  of  the  loom,  maintaining  on 
the  heald  shafts  a  resistance  control  to  that  of  the  positive 
mechanism.  That  is  to  say,  providing  the  lifting  of  the 
shafts  is  effected  positively,  and  there  are  no  mechanical 
parts  operated  by  the  loom  for  their  depression,  then  the 
depression  of  the  shafts  is  due  to  the  resistance  or  balanc¬ 
ing  force,  in  the  form  of  weights,  springs,  levers  and 
pulleys,  or  patent  under-motions. 

Heavy  builds  of  tappet  looms — with  top  lifting  motions 
corresponding  to  the  under  motions  applied  to  the  York¬ 
shire  tappet  shedding  mechanism — which  are  a  distinct 
type,  are  made  for  the  weaving  of  blankets,  rugs,  army 
and  other  heavy  cloths.  Such  fabrics  are  simple  in  con¬ 
struction,  the  weaves  mainly  used  being  plain,  twill, 
3^  broken  twill,  and  doeskin,  for  which  special  standard 
sets  of  tappets  and  top  gearing  are  supplied  and  the  set 
selected  for  the  fabric  to  be  woven  mounted  on  the  loom. 

The  tappets  are  fixed  underneath  the  heald  shafts  and 
may  operate  from  a  central  position  on  the  lower  frame¬ 
work  of  the  loom  on  pairs  of  levers  attached  to  the  bottom 
of  the  hedclles  near  the  two  ends;  or  two  corresponding 
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sets  may  be  employed  to  secure  steadiness  of  shedding  in 
wide  looms  from  100'7  to  140'7  reed  space.  These  act  simul¬ 
taneously  on  sets  of  drawing  down  heddle  levers. 


A1,  a  2  =  Square  Shafts. 

Ml,  =  Half-moon  Levers. 
j1,  j2  =  Jacks. 

Cl,  c2  =  Connecting  Rods. 
T1,  T2  =  Tappets. 

L1,  l2  =  Treadles. 
r1,  r2  =  Friction  Rollers. 
H1,  H2=Heddles. 


Fig.  250.  Shedding  Motion  of  Tappet  Loom. 

This  class  of  tappet  loom  is  adapted,  on  account  of  its 
simplicity  of  construction  combined  with  steadiness  and 
certainty  of  action,  for  the  production  of  various  classes  of 
heavy  woollen  and  union  fabrics. 
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162.  Principle  of  the  Yorkshire  Tappet  Motion. — This 
motion  consists  of  treadles,  tappets,  jack  levers,  square  or 
oscillating  shafts,  and  half-moon  levers.  These  parts  are 
shown  in  Figs.  250  and  250 a.  The  treadles,  l1  l2,  Eig.  250, 
perform  the  same  functions  as  similar  levers  in  the  hand 
treadle  looms,  while  the  tappets  or  wipers,  t1  t2,  correspond 
to  the  weaver’s  feet,  depressing  the  treadles  when  the  loom 
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Fig.  250a.  Tappet  Loom.  Method  of  actuating  the  Heald  Shaft. 


is  in  operation.  By  means  of  the  rods,  c1  c2,  the  treadles 
are  connected  with  the  jacks,  J1  j2,  fixed  on  the  ends  of  the 
square  shafts,  a1  a2,  which  are  also  mounted  with  the  half¬ 
moon  lever,  m1  m2.  The  cords  and  straps,  h  and  a,  are 
attached  to  the  latter  by  the  screw,  s,  and  then  to  the 
upper  shafts  of  the  healcls.  In  the  diagram  the  tappets  are 
fixed  on  the  end  of  the  low  shaft  and  not  on  the  centre 
as  in  broad  looms.  Two  sets  of  half-moon  levers  are 
necessary  for  lifting  the  healds,  one  for  each  end  of  the 
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shafts,  but  only  one  set  and  a  portion  of  the  healcl  shafts 
are  shown.  Each  heald  shaft  requires  treadle,  tappet, 
jack  lever,  half-moon  lever,  and  square  shaft  to  elevate  it, 
the  mechanism  for  depressing  the  healds  not  being  indi¬ 
cated  in  Fig.  250.  The  method  of  driving  the  tappets  is 
given  in  Fig.  248.  The  change  wheel,/,  is  fixed  on  the 
crank  shaft,  and  by  means  of  the  intermediate,  i,  drives  the 
tappet  wheel,  w.  This  wheel  is  cast  with  the  tappet  shaft 
and  revolves  loosely  on  the  low  shaft,  l,  of  the  loom. 

The  result  of  bringing  the  tappets  into  action,  Fig.  250, 
is  the  depression  of  the  front  and  elevation  of  the  back 
heddle.  Tappet  t2  is  here  shown  in  active  or  depressing 
contact  with  treadle  l2,  and  t1  in  resisting  contact  with 
treadle  l1.  The  effect  of  this  position  of  the  tappets  on  the 
heald  shafts  may  be  followed  as  it  demonstrates  the  prin¬ 
ciple  of  this  shedding  motion.  The  parts  operate  thus : 
t2  depressing  l2  draws  down  j2,  and  so  imparts  movement 
to  the  square  shaft  a2,  which  raises  the  half-moon  lever  m2, 
and  the  shaft  to  which  it  is  attached.  Should  the  positions 
of  the  tappets  be  reversed,  t1  instead  of  t2  would  be  brought 
into  action,  which  would  result  in  elevating  h1  and  depres¬ 
sing  h2.  Such  are  the  successive  changes  wrought  by  this 
mounting  as  the  tapj^ets  revolve  on  shaft  n,  producing,  in 
practical  work,  a  plain  woven  fabric. 

The  tappet  motion  is  a  system  of  shedding  well  adapted 
for  weaving  simple-make  fabrics,  comprising  twills,  mats, 
doeskins,  Venetians,  single  worsteds,  Oxford  and  cotton 
shirtings,  towellings,  and  plain  and  twilled  dress  fabrics. 
It  is  constructed  on  the  open  shed  principle,  and  is  gener¬ 
ally  applied  to  quick-running  looms.  The  chief  draw¬ 
back  to  the  employment  of  tappets  in  fancy  weaving,  is 
the  narrow  compass  they  afford  for  pattern  production  of 
a  weave  character,  ten  or  twelve  healds  forming  a  con¬ 
siderable  number  to  be  workable  by  this  motion. 

163.  Methods  of  Depressing  the  Healds  in  Yorkshire  Tap¬ 
pet  Looms. — 'The  parts  of  the  tappet  motion  considered 
only  lift  the  healds ;  it  now  remains  to  explain  the 
mechanism  for  depressing  them.  Springs,  weights,  arrange- 
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merits  of  “  stocks-and-bowls  ”  and  mechanical  “  under 
motions,”  or  a  combination  of  levers  and  springs,  are  em¬ 
ployed,  but  chiefly  the  two  latter.  For  a  two-shaft  action, 
a  plain  draw,  Fig.  250a,  is  all  that  is  necessary.  It  con¬ 
sists  of  a  pulley  round  a  portion  of  the  circumference 
of  which  a  strap  is  passed.  One  end  of  the  strap  is  con¬ 
nected  by  cord  c1  to  the  front  heald,  and  the  other  end  to 
the  back  heald  by  cord  c2,  so  that  the  movements  of  the 
shafts  are  the  reverse  of  each  other,  that  is,  when  h1  is 
rising  h2  is  lowering  and  vice  versa.  The  “stocks-and- 
bowls  ”  system  is  based  on  a  simple  lever,  which  is  multi¬ 
plied  in  power  by  adding  bowls  or  pulleys,  round  which 
straps  are  passed  and  attached  to  the  bottom  of  the  healds. 
In  Fig.  251  the  “draw”  for  working  four  heddles  is 
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Fig.  251. 

shown.  It  consists  of  the  lever,  l,  of  the  pulleys,  a  and 
6,  and  of  the  straps,  s  and  s1.  The  ends  of  the  strap  s, 
after  having  been  passed  round  the  pulley  br  are  attached 
to  the  1st  and  4th  shafts  respectively;  while  the  ends  of 
strap  s1,  which  passes  round  pulley  a,  are  fastened  to  shafts 
2  and  3.  There  are  two  levers  (similar  to  l)  employed, 
one  for  each  end  of  the  shafts.  They  are  fastened  to  the 
framework  of  the  loom,  and,  of  course,  are  fixed  under¬ 
neath  the  heddles. 

To  show  that  this  “  draw  ”  would  admit  of  any  three  of 
the  four  shafts  being  up  at  one  time,  suppose,  first,  shafts 
1,  2,  and  3  are  required  up,  and  4  down,  then  the  lever 
would,  rise  at  c,  and  fall  at  c/,  the  strap  s  lowering  at  4 
and  rising  at  1 ;  second,  shafts  2,  3,  and  4  up,  and  1  down, 
then  the  lever  would  again  rise  at  c,  and  fall  at  <7,  allowing 
shafts  2  and  3  to  be  lifted  together,  and  strap  s  would 
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be  up  at  4,  and  down  at  1 ;  third,  shafts  1 ,  3,  and  4  up, 
and  2  down,  then  the  lever  would  rise  at  d  and  fall  at  c, 
the  strap  s1  being  drawn  up  at  3  and  down  at  2 ;  and, 
fourth,  1,  2,  and  4  up,  and  3  down,  then  the  lever  would 
be  lifted  at  e?,  but  depressed  at  c,  strap  s1  rising  at  2  and 
falling  at  3. 

This  analysis  shows  that  any  arrangement  of  heddles 
coidd  be  obtained,  providing  one  shaft  were  depressed  in 
the  series.  If  two  additional  pulleys  were*  worked  by  one 
end  of  each  of  the  straps,  and  then  two  other  straps  passed 
round  the  pulleys  added,  the  lever  could  be  made  to  work 
six  instead  of  four  shafts.  In  such  compound  mountings 
the  diameter  of  the  bowl  controlling  two  shafts  must  be 
in  inverse  proportion  to  that  of  the  bowl  controlling  one. 


Where  there  are  more  shafts  depressed  by  one  end  of  the 
lever  than  the  other,  it  is  necessary  to  change  the  position 
of  the  fulcrum,  d.  For  this  purpose  the  lever  is  divided 
into  equal  parts,  and  the  fulcrum-pin  altered  to  balance 
the  lighter  against  the  heavier  draw  in  irregular  mount¬ 
ings.  In  a  seven-shaft  weave,  for  example,  where  four 
shafts  are  depressed  by  one  end  of  the  lever,  and  three  by 
the  other,  the  fulcrum-pin  would  be  moved  to  hole  e, 
thus  proportionating  the  lever  according  to  the  draw,  or 
as  3  is  to  4.  The  end  of  the  lever  lettered  d  would,  if  the 
fulcrum  were  moved  to  e,  for  a  seven-shaft  draw,  actuate 
four  of  the  heddles,  and  c  three  of  them. 

Fig.  252  is  an  ordinary  type  of  under  motion  which  has 
largely  taken  the  place  of  the  system  described.  The 
levers  b,  fixed  in  the  supports  a,  are  connected  together 
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Fig.  253.  Woodcraft  Tappet  Loom. 


A,  A1  =  Tappet  Levers. 

15,  B1  =  Top  Levers. 

E,  e'=  Bottom  Level's. 

T  =  Driver  for  T-. 

T1  =  Intermediate. 

T2  =  Tappet  Whee  1 . 
t3  =  Tappet  Plate. 
d  =  Connecting  Cords  for 
Levers  b,  b1. 
h1,  H2  =  Heddle.s. 

W  —  Warp, 
w.  s.  =  Shed. 
p  =  Picker, 
c  =  Picker  Shaft. 


D=  Picker  Arm. 

S  =  Picker  Strap. 

S1,  s*  =  Check  Straps. 

s3  =  Resistance  Strap. 
b.b.  =  Breast  Beam. 
p.B.  =  Piece  Beam. 

cx  =  Setting-up  Catch. 

H.  w.  =  Hand  Wheel. 

1  =  Ratchet  Wheel. 

2  =  Change  Wheel. 

3  =  Intermediate  Wheel. 

4  =  Intermediate  Pinion. 

5  =  Friction  Beam  Wheel. 
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by  the  spring  c.  At  points  d  they  are  attached  to  the 
lower  shafts  of  the  heddles,  h.  The  compound  action  of  the 
lever  and  spring  is  such  that  the  draw  or  pull  on  the  hedclle 
increases  in  force  as  it  reaches  the  bottom  position. 

The  advantages  of  this  arrangement  are  its  effectiveness 
and  application  to  any  series  of  heddles  in  either  tappet  or 
single-action  dobbie  looms. 

164.  Woodcroft  Tappet  Mechanism.. — As  indicated,  the 
Woodcroft  tappet  system  is  positive  in  action  both  in  lift¬ 
ing  and  depressing  the  heddles.  It  consists  of  three  principal 
sets  of  shedding  levers  as  ordinarily  constructed:  (1)  the 
simple  or  treadle  levers,  a  (Fig.  253),  and  which  are  placed 
over  the  tappets  and  correspond  in  number  to  the  shafts 
employed;  (2)  the  top  or  lifting  levers,  b,  fixed  on  the 
upper  rail  of  the  loom  and  placed  at  right  angles  to  levers 
a,  to  which  they  are  secured  by  cords  d  at  the  outside  end, 
and  at  the  opposite  end  by  cords  e  to  the  top  of  the  heddles ; 
and  (3)  bottom  or  depressing  levers,  e,  fixed  on  the  lower 
rail  of  the  loom,  and  fastened  by  cords  to  A  and  at  the 
reverse  end  to  the  bottom  and  not  the  top  of  the  heald 
shafts. 

The  circular  tappet  plates,  Fig.  254 — one  for  each  shaft 
or  thread  in  the  weave — are  mounted  with  sectional  cams 
or  lasers ,  a,  and  sinkers ,  a,  in  the  order  of  raising  and  sink¬ 
ing  the  shafts  in  weaving.  Cams  a  draw  down  levers 
b  (Fig.  253)  at  the  end  connected  to  levers  a,  but  lift 
them  at  the  opposite  end,  and  thereby  lift  the  heald  shafts 
to  which  they  are  corded.  Cams  a,  lifting  levers  e,  have 
the  reverse  action  on  the  shafts  h1,  h2  of  cams  a. 

The  motion  is  suitable  for  quick-running  looms,  is  con¬ 
venient  of  change  and  adjustment,  and  is  employed  for 
the  weaving  of  a  larger  variety  of  twill  and  simple  weave 
textures. 

165.  Variation  of  the  Speed  of  the  Tappet  Shaft. — The 
tappets  (Yorkshire  system)  are  keyed  on  to  the  tappet 
shaft,  t,  Fig.  248,  which,  as  already  stated,  runs  loose  on 
the  low  shaft  of  the  loom.  One  revolution  of  this  shaft 
represents  one  repeat  of  the  weave  or  design,  that  is  to 
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say,  if  there  are  six  picks  in  the  plan  it  would  revolve 
once  to  the  loom  picking  six  times. 

For  each  pick  of  weft  inserted  into  the  warp  the  crank 
shaft  of  the  loom  revolves  once.  In  the  tappet  loom,  there¬ 
fore,  as  the  tappet  wheel  is  driven  off  the  main  shaft,  it 
follows  that  the  latter  will  require  to  make  as  many  turns 
to  one  revolution  of  the  former  as  there  are  picks  or  sheds 
in  the  weave.  By  referring  to  Fig.  248  this  can  he  clearly 
explained.  Wheel  /  here  drives  the  tappet  wheel  ic\  turn¬ 
ing  the  tappet  shaft,  T.  As  every  revolution  of  t  implies 


Fig.  254.  Woodcroft  Tappet  Plate,  showing  Sectional  Tappets  A  and  b. 


one  repeat  of  the  weave  (in  other  words,  if  mounted  with 
nine  distinct  tappets,  the  insertion  of  nine  separate  picks 
into  the  warp),  its  speed  has  to  be  varied  according  to  the 
plan  of  weave  being  produced.  To  accomplish  this  the 
number  of  teeth  in  the  driver,/,  or  change  wheel  is  varied. 
The  method  of  ascertaining  the  number  of  teeth  it  must 
contain  for  any  given  weave  up  to  six  shafts,  is  ex¬ 
tremely  simple — thus  the  tappet  wheel,  w;,  containing 
120  teeth,  which  number,  if  divided  by  the  number 
of  threads  the  weave  occupies,  will  give  the  number  of 
teeth  in  the  change  wheel,  namely,  40  teeth  for  three  shafts, 
30  for  four  shafts,  etc.  Beyond  six  shafts  it  is  not  possible 
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to  go,  as  there  is  not  sufficient  metal,  after  boring,  for  the 
formation  of  the  teeth  for  a  wheel  smaller  than  20.  In 
weaves  occupying  more  than  six  threads,  and  also  in 
weaves  which  do  not  occupy  a  number  of  threads  that  is 
a  multiple  of  120,  another  train  of  wheels  is  employed,  such 
as  that  outlined  in  Fig.  255.  Here  a  is  the  change  wheel, 
keyed  on  to  the  crank  shaft,  b  the  intermediate,  c  the 
driver,  and  d  the  tappet  wheel.  Now,  as  the  object  is  to 
run  wheel  a  several  times  quicker  than  d,  according  to  the 
number  of  shafts  occupied  by  the  weave,  the  formula  for 
ascertaining  the  number  of  teeth  in  the  change  wheel  is 

o  o 


as  follows:  bxdtAxc  =  difference  between  the  speeds  of 
a  and  d.  Supposing  it  is  required  to  produce  a  nine-shaft, 
weave,  then  a  would  have  to  revolve  nine  times  to  d  once, 
B  X  D  1  .  . 

therefore,  =x.  Now,  assuming,  b  contains  45  teeth, 

c  15,  and  d  120,  then  120  x  45  9  x  15  =  40,  the  number 

of  teeth  in  the  change  wheel  required.  This  may  be 
readily  proved  by  multiplying  the  two  driven  wheels,  b 
and  d,  together,  and  dividing  by  the  two  drivers,  a  and  c, 
which  should  give  the  number  of  picks  in  the  weave,  thus  : 
120x45 
40  x  15  =  9‘ 

1  66.  Construction  of  Tappets. — Each  revolution  made  by 
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any  particular  tappet,  as  it  turns  on  the  tappet  shaft,  re¬ 
presents  one  complete  series  of  the  changes  of  the  hedclle 
it  actuates.  If  a  heald  shaft  is  actuated  six  separate  times 
in  the  production  of  one  repeat  of  the  weave,  the  circum¬ 
ference  in  which  the  tappet  revolves  is  divisible  into  this 
number  of  parts.  Each  part  is  equivalent  to  one  move¬ 
ment  of  the  particular  shaft  the  tappet  is  mounted  to 
work.  Supposing,  for  example,  it  were  required  to  con¬ 
struct  the  tappet  for  Fig.  256,  then,  as  this  twill  occupies 
eight  shafts  and  eight  picks,  a  circle  would  he  divided 
into  this  number  of  sections,  as  indicated  in  Fig.  257, 
which  is  a  sketch  of  the  tappet.  The  projections  represent 
shafts  lifted.  If  the  changes  of  the  first  thread  in  the  weave 
are  analysed,  and  compared  with  this  tappet,  it  will  be 
found  that  the  lifts  of  the  former  correspond  exactly  with 


Fig.  25(3. 


Fig.  257. 


the  projections  on  the  latter.  Thus,  it  is  up  on  the  first 
pick,  hence  there  is  a  projection  on  section  1 ;  down  on 
the  second  pick,  equalling  no  projection  on  section  2;  up 
on  the  third,  fourth,  and  fifth  picks,  corresponding  to  the 
projections  on  these  parts  of  the  tappet;  and  lastly  down 
for  three  picks,  represented  by  sections  6,  7,  and  8.  Of 
course,  as  every  thread  in  this  weave  is  like  the  first,  only 
commencing  on  different  picks,  the  same  tappet  would  be 
used  for  all  of  them,  the  twilled  effect  being  obtained, 
when  keying  the  tappets  on  to  the  tappet  shaft,  by  placing 
each  tappet  one  section  in  advance  of  the  other,  or  in  the 
same  order  as  the  threads  in  the  weave.  The  tappets  as  in 
the  Woodcroft  motion  may  also  be  built  up  in  sections. 

167.  Stroke  of  the  Tappet. — On  the  stroke  of  the  tappet 
depends  the  depth  of  the  shed  formed.  It  does  not  follow, 
however,  that  if  the  shed  is  4 "  deep  in  the  healds  the 
tappet  has  a  4//  stroke.  There  are  other  parts  of  the  mount- 
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ing  which  modify  the  size  of  the  shed  obtained,  such  as  the 
length  of  the  jack  and  the  half-moon  levers,  and  of  the 
treadles.  An  example  will  serve  to  show  how  the  size  of 
the  tappet  required  for  producing  a  given  shed  may  be 
readily  ascertained.  Suppose  a  tappet  loom  is  mounted 
with  9''  jacks,  6"  half-moon  levers,  and  30"  treadle  levers 
— the  friction  roller  of  which  is  20"  from  the  treadle-pin 
— and  that  it  is  required  to  ascertain  the  stroke  or  size  of 
the  tappet  to  produce  a  shed  4"  deep  in  the  healds.  Now, 
if  the  jacks  were  the  same  length  as  the  half-moon  levers, 
it  would  only  be  necessary  to  obtain  a  displacement  of  the 
treadles  equal  to  the  size  of  the  shed  required,  which  could 
be  done  by  stating  as  the  length  of  the  treadle — 30" — is 
to  the  distance  of  the  friction  pulley  from  the  treadle-pin 
—20" — so  is  the  latter  to  the  size  of  the  shed  given — 4". 
Thus,  30  :  20  :  :  4  =  2f"  stroke  of  tappet.  The  length  of 
the  jacks  and  half-moon  levers  has,  however,  to  be  taken 
into  consideration,  for  if  the  stroke  of  the  tappet  is  2§" 
when  these  levers  are  equal  in  length,  it  will  be  larger  to 
produce  the  same  size,  of  shed  when  the  jacks  are  9"  and 
the  half-moons  6"  long :  i.e.,  length  of  jacks  9"  x  the  stroke 
of  the  tappet,  2f"  -r  length  of  the  half-moon  levers,  6"  =  4" 
the  stroke  of  the  tappet.  In  drawing  the  tappet  allowance 
has  to  be  made  for  the  diameter  of  the  friction  bowl,  k1, 
Fig.  250. 

The  effect  of  the  tappet  on  the  size  of  the  shed  is  alter¬ 
able  to  a  degree  by  changing  the  position  of  the  rods  con¬ 
necting  the  treadles  and  jacks,  c1  and  c2f  Fig.  250. 

The  method  of  finding  the  size  of  the  tappet  to  produce 
the  requisite  shed  for  a  shuttle  of  given  dimensions,  when 
the  distance  of  the  healds  from  the  cloth  is  known,  is 
similar  to  that  of  working  the  problem  just  considered, 
after  the  size  of  the  shed  in  the  healds  has  been  ascertained. 
Assuming,  for  example,  a  going-part  has  a  6"  traverse,  the 
healds  being  8"  from  the  fell  of  the  cloth,  and  the  shuttle 
-f"  deep,  what  will  be  the  size  of  the  shed  in  the  shafts? 
If  picking  is  timed  to  commence  when  the  crank  is  in  the 
bottom  position,  or  half  its  traverse  from  the  cloth,  or,  in 


POWER-LOOMS 


405 


this  instance,  when  the  going-part  is  o'  from  the  fabric, 
the  shed  at  this  juncture  should  be  equal  to  the  size  of  the 
shuttle,  implying  that  at  8"  from  the  piece  it  would  be 
2"  deep ;  that  is  8  x  \  -f-  3. 

168.  Dobbie  Shedding  Mechanism. — Any  known  system 
of  tappet  mechanism  might,  to  the  advantage  in  working, 
be  limited  to  some  eight  to  twelve  shedding  units.  As  a 
rule,  a  larger  number  would  be  cumbersome  and  incon¬ 
venient.  The  tappet  system,  like  the  treadle  system, 
whilst  having  advantages  as  to  simplicity  of  construction 
and  working  efficiency,  does  not  afford  that  scope  for  pat¬ 
tern  work,  which  is  necessary  in  any  branch  of  fancy 
weaving.  On  this  ground,  the  construction  of  some  device, 
which  would  allow,  in  the  first  place,  of  the  use  of  at  least 
thirty-two  to  thirty-six  shedding  units,  instead  of  eight 
to  twelve,  and  of  any  number  of  picks  or  shots  of  weft  in 
each  repeat  of  the  design,  became  a  feature  of  weaving 
mechanism.  Hence,  the  invention  of  the  dobbie,  with, 
ordinarily,  a  weaving  range  of  sixteen,  twenty-four,  thirty- 
two,  and  thirty-six  shafts,  or  for  special  purposes  with  a 
range  of  forty-eight  shafts. 

The  two  distinctive  types  of  dobbie  mechanism  are : 

I.  The  Lever  type,  comprising: 

a.  The  vertical  Lever  Dobbie. 

b.  The  “  shovel  ”  or  horizontal  Lever  Dobbie. 

c.  The  Keighley  Lever  Dobbie. 

d.  The  Angle  Lever  Dobbie,  and 

II.  The  “  Wheel”  or  “Vibrator-gear  and  Vibrator-lever  ” 

type- 

Type  Ia  is  single  action  in  principle,  “  close  ”  shed ; 
Ib,  single  action,  “open”  shed;  Ic,  single  or  double 
action;  and  types  Id  and  II,  double  action,  open  shed, 
positively  lifting  and  depressing  the  heald  shafts. 

It  should  be  observed  that  in  all  types  of  dobbie  machines 
there  is  (1)  the  mechanism  for  determining  the  shedding 
units  or  shafts  to  be  operated  for  the  passage  of  each  pick 
of  weft;  and  (2)  the  levers  and  connections  for  trans¬ 
mitting  motion  from  this  mechanism  to  the  heald  shafts. 
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The  lifting  and  depressing  of  the  heddles  must  be  ac¬ 
complished  with  a  minimum  amount  of  vibration  in  both 
the  upward  and  downward  action.  Any  jerk  at  the  com¬ 
mencement  or  termination  of  the  traverse  is  a  serious  dis¬ 
advantage  in  weaving  tender  and  fine  counts  of  yarn  ;  yet 
the  traverse  must  be  rapidly  effected.  The  mechanism 
for  changing  the  controlling  levers  is  the  most  intricate 
and  complex  of  the  machine.  In  looms  for  weaving  worsted 


fabrics,  a  speed  of  120  to  140  picks  per  minute  may  be 
reached,  and  each  heddle  selected  and  actuated  by  the 
dobbie  may  determine  the  simultaneous  movement  of  four 
to  five  hundred  threads  ;  or  in  a  16-shaft  mounting  the 
lifting  and  depressing  in  the  order  determined  by  the 
selecting  mechanism,  of  some  seven  to  eight  thousand 
threads  for  each  throw  of  the  shuttle. 

169.  Vertical  Lever  Dobbie. — This  is  one  of  the  earlier 
types  of  dobbie  mechanism.  It  has  been  displaced  in  the 
weaving  of  woollen  and  worsted  fabrics  by  clobbies  of 


POWER-LOOMS 


407 


the  American  and  Keighley  construction.  The  shafts  in 
this  machine  (Fig.  258)  are  raised  and  lowered  by  uprights, 
Bl  and  B'.  The  bars,  K  and  k1,  are  for  lifting  and  depress¬ 
ing  these  levers,  and  are  operated  by  rack  and  pinion 
gearing.  Each  upright  is  controlled  by  a  finger  on  which 
is  fixed  a  spring.  A  peg  in  the  lag  presses  against  the 
finger  and  forces  its  upright  on  the  lifting  bar.  If  there 
is  no  peg  opposite  the  finger  the  spring  causes  the  upright 
to  be  engaged  by  the  “sinking”  bar.  The  effect  of  these 
levers  on  the  action  of  the  hedclles  may  be  pointed  out  by 
reference  to  Fig.  258 — a  sketch  of  the  displacement  of  the 
levers  in  the  formation  of  a  plain  shed,  b’  and  b2  are  the 
vertical  or  jack  levers;  l1  and  l2,  the  top  levers  for  lifting 
the  heddles;  Jl  and  j2,  the  bottom  levers  for  depressing 


c 


Fig.  259.  Section  of  Shovel  Dobbie.  Makers,  Hodgson,  and  Lee  and  Crabtree. 

them;  w,  the  streamer  wires;  c,  the  connectors;  and  s1 
and  s2,  the  shafts  or  heddles.  The  principle  of  the  motion 
is  as  follows:  b1  of  the  top  lever,  l1,  having  been  depressed, 
in  consequence  of  a  peg  forcing  it  off  the  lifting  bar,  it 
sinks  at  a,  and  rises  at  b.  As  the  long  streamer  wires,  w, 
are  connected  both  with  the  top  levers  and  the  jacks 
underneath  the  shafts,  and  the  latter  are  also  attached  to 
the  bottom  of  the  heddles,  if  lever  l1  is  elevated  at  6,  it 
depresses  shaft  s1.  This  is  indicated  in  the  drawing — j1 
having  been  lifted  at  c,  and  sunk  at  c7,  depressing  the 
heald  shaft  with  which  it  is  connected.  As  to  hecldle  s2,  it 
is  elevated  by  l2,  the  vertical  lever  of  which  has  been  raised 
by  the  lifting  bar  of  the  dobbie. 

170.  Horizontal  Lever  or  “  Shovel  ”  Dobbie. — This  is  a 
simple  but  useful  form  of  mechanism  for  quick-running 
looms  up  to  sixteen  shafts,  and  weaving  light-weight 
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fabrics  for  costumes  and  suitings,  such  as  twills,  diagonals 
and  fancy  weaves  in  both  Botany  and  cross-bred  yarns. 
In  Eig.  259  the  sectional  parts  for  determining  the  healcl 
shafts  to  be  operated  are  shown.  The  method  of  connec¬ 
tion  from  such  mechanism  to  the  top  of  the  shedding 
units  is  direct,  securing  a  positive  lifting  of  the  shafts,  but 
their  depression  in  this  class  of  machine  is  produced  by 
“  under  ”  motions. 

Llere  are  two  parts,  a  and  d,  termed  the  “  shovels,” 
worked  by  tappet  action,  which  move  alternately  back¬ 
ward  and  forward,  engaging,  in  so  doing,  the  jacks,  J, 
connected  by  intermediate  levers  to  the  hedclles.  The 
changes  in  the  mechanism  are  produced  by  a  set  of  cards 
stamped  according  to  the  weave  plan,  passing  over  cylin¬ 
der  c.  This  cylinder,  in  addition  to  revolving,  is  brought 
at  each  sectional  turn  in  contact  with  the  pins  which  lift 
the  fingers,  e.  A  blank  in  the  card  lifts  the  pin  and  the 
jack,  causing  the  latter  to  be  engaged  by  the  upper 
“shovel,”  a;  a  hole  in  the  card  brings  j  into  position  to 
be  actuated  by  the  lower  “  shovel,”  d.  It  follows  that  if 
lever  a  is  operating,  a  hole  in  the  card  will  depress,  and  if 
lever  b  is  operating,  a  blank  will  depress.  Therefore  to 
effect  the  retention  of  a  lifted  heddle  raised  by  a,  requires 
a  hole  to  be  stamped  in  the  card  under  the  pin  of  the 
finger,  r,  lowering  j  so  that  it  is  acted  upon  b}r  part  d  ; 
but  if  the  lifted  heddle  has  been  raised  by  u,  then  to  retain 
it  in  this  position  for  the  succeeding  shed  produced  by  a, 
a  blank  is  required  in  the  card  under  pin  e.  On  the  other 
hand,  to  effect  a  series  of  depressions  of  the  same  heddle 
for  the  operation  of  a,  holes  must  be  provided  in  the  card, 
and  blanks  for  the  operation  of  b,  causing  lever  j  to  escape 
the  action  of  both  the  upper  and  lower  “  shovels.” 

171.  The  Keighley  and  Angle  JJohhies. — The  Keighley 
dobbie  is  either  a  single-  or  a  double-action  machine.  In 
the  original  type  the  lifting  bars,  b,  Fig.  2G1,  moved  in  a 
horizontal  plane,  but  in  the  improved  or  “  angle  ”  type 
they  are  fixed  as  sketched  in  Eig.  2G2.  The  placing  of  the 
lifting  or  draw  bars  at  an  angle,  instead  of  horizontally, 
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resulted  in  preventing  the  bars  not  engaging  the  jacks,  and 
the  production  of  “  mislifts,”  and  the  development  of  faults 
they  caused  in  the  woven  texture. 

The  driving  of  the  dobbie  is  done  either  off  the  low 


shaft  of  the  loom  or  by  wheel  gearing  and  connections 
direct  from  the  main  shaft.  The  object  is  to  impart  motion 
to  the  T-shaped  lever,  l  (Figs.  261  and  262).  When  the 
drive  is  off  the  low  shaft  of  the  loom  it  consists  of  a  sweep 
motion  or  eccentric  wheel  gear  motion  (a  and  b,  Fig.  279). 
Taking  the  former,  Fig.  260,  applied  to  single-lift  dobbies, 
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wheel  rZ,  on  the  crank  shaft  c,  gears  with  e,  on  the  low 
shaft,  l,  turning  the  sweep,  f.  The  connecting  rod,  s 
(Figs.  260  and  261),  is  thus  made  to  raise  and  lower  the 
projecting  arm  of  lever,  L  (Fig.  261),  and  this  main  lever, 
by  rod  connections,  imparts  a  to-and-fro  action  to  the  lilt¬ 
ing  bars,  b,  b1. 

The  essential  features  of  the  single-action  machine  (Fig. 
261)  are  the  two  series  of  jack  levers,  j1,  j2,  under  the  con¬ 
trol  of  lifting  bars,  b,  b1.  Upright  rods,  d,  are  connected 
to  both  the  lower  and  upper  sets  of  jacks,  and  communicate, 


Fig.  261.  Single- Action  Lever  Dobbie. 


by  simple  lever  arrangement,  underneath  each  lower  jack, 
the  effect  of  the  lags  on  both  at  the  same  turn  of  the  lag 
cylinder,  c,  which  is  actuated  by  the  catch  of  the  lever  on 
the  same  shaft  as  the  main  driving  lever,  l.  Either  b  or 
b’  lift  the  levers,  H,  of  the  jacks  which  have  been  raised  by 
pegs  in  the  lag  when  they  are  moving  in  the  direction  of 
arrow,  a1  ;  but  all o w  such  levers  to  be  drawn  down  by  the 
heddles  to  which  they  are  attached,  of  those  jacks,  under¬ 
neath  which  there  are  holes- in  the  lags.  Being  only  a 
single-lift  machine,  “under-motions”  are  employed  for  de¬ 
pressing  the  heald  shafts.  It  is  a  quick-running,  reliable 
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shedding  mechanism,  and  is  extensively  used  in  worsted 
cotton,  linen,  and  silk  weaving. 

In  the  double-action  angle  dobbie  the  rod  connections,  r1 
and R2,  from  lever  l  to  the  draw  bars,  are  shown  in  Fig.  262. 
A  peg  in  the  lag  lifts  the  finger,  f,  at  the  rear  portion, 
causing  it  to  be  lowered  at  the  opposite  end,  and  allowing 
upright  rod  d,  Fig.  263,  to  be  lowered,  so  that  the  jacks, 


jl  and  r  (each  rod  controlling  the  action  of  a  pair  of  these 
levers),  fall  into  such  a  position  as  to  be  engaged  by  either 
the  upper  or  lower  bars,  and  effect  the  actuation  of  the  heald 
shaft  through  the  lever  l2.  The  reverse  movement  of  the 
shaft  is  caused  by  an  unpegged  hole  in  the  lag,  with  either 
the  upper  or  lower  bars  moving  in  the  line  of  arrow,  a% 
Fig.  263.  Levers  l2  (for  each  of  which  there  are  parts 
f,  d,  j1  and  j,2  as  will  be  explained),  are  connected  from 
the  upper  end  to  the  top  of  the  heald  shaft,  and  from  the 
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lower  end,  by  means  of  intermediate  levers  (j1,  J2,  F ig.  269), 
to  the  bottom  of  such  shafts. 

The  double-action  principle  and  “open-shedding”  are 
acquired  by  the  use  of  duplicate  sets  of  draw  bars  which 
positively  control  the  action  of  the  jacks  whether  travelling 
in  the  direction  of  arrow  a  or  a2.  In  Fig.  263  the  central 
levers,  if,  are  shown  in  the  vertical  or  inactive  position,  with 
bars  b1  and  b2  at  the  extreme  forward  point,  and  b3  and 
b4  at  the  extreme  backward  point.  The  locking  bars,  k,  k1, 
— for  maintaining  the  shed  stationary  until  the  change  in  the 


positions  of  the  jacks  for  the  following  pick  has  been  made 
by  the  lag — are  against  the  upper  hooks  of  J1  and  j2,  secur¬ 
ing  thereby  an  “  open  ”  shed  or  only  such  alterations  in  the 
shedding  as  determined  by  the  order  of  the  peggingin  the 
las;.  In  Fig.  262,  j1  has  been  carried  forward  bv  b2,  and 
would  draw  up  the  heald  shaft  attached  to  if.  Then,  if  for 
the  succeeding  pick  the  shaft  should  be  required  to  remain 
in  the  same  position,  j2  would  drop  on  to  the  lower  draw 
bar  and  be  forced  forward  to  have  a  corresponding  effect 
on  heddle  lever,  if,  as  seen  in  the  illustration. 

172.  Reversing  and  Levelling  Motions. — In  dobbie  looms 


Fig.  264.  Hattersley’s  Motion  for  Disconnecting  Picking. 
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these  are  necessary  motions  ;  and  that  they  should  be 
effective  and  simple  in  construction,  and  convenient  to 
manipulate  by  the  weaver,  is  of  the  first  importance. 
Without  an  arrangement  for  reversing  the  motions  of 
the  machine,  if  a  broken  pick  had  to  be  removed  from 
the  fabric  woven,  the  weaver  would  be  under  the  neces¬ 
sity  of  turning  the  pattern  chain  over  until  the  shed 
required  was  found,  whereas  in  looms  supplied  with  this 
mechanism,  he  has  simply  to  reverse  the  shedding  and 
other  motions,  and  lag  back  to  where  the  damaged  or 
broken  pick  was  inserted.  Two  methods  are  practised: 
(1)  Reversing  of  the  shedding,  shuttling  (i.e.,  pattern,  box, 
and  picking  chains),  take-up  and  let-off  motions  with  the 
picking  levers  remaining  inoperative;  and  (2)  reversing 
of  the  shedding,  shuttling,  or  boxing,  and  the  order  of 
picking  (i.e.,  pattern,  box,  and  picking  chains),  also  with 
the  “  pick  ”  out  of  action.  By  the  first  system  the  loom 
has  to  be  started  and  stopped  pick  by  pick  in  pulling  back, 
but  by  the  second  system  the  weaver  reverses  by  hand. 
In  either  system,  when  the  defective  place  has  been  dis¬ 
covered  and  corrected,  the  loom,  with  all  the  motions 
accurately  adjusted,  should  be  ready  for  starting. 

Reversing  motions  applied  to  the  Keighley  double¬ 
action  dobbie  will  be  first  considered. 

Here  the  reversing  is  controlled  by  moving  the  handle 
bar,  a,  Fig.  264.  As  drawn,  it  is  in  the  position  for  weav¬ 
ing;  but  if  moved  till  notch  2  is  in  the  position  of  notch  1 
the  picking  cones  are  rendered  inoperative;  and  if  till 
notch  3  takes  the  place  of  1  the  lag  cylinder  and  take-up 
shaft — c  w  and  i,  Fig.  265 — are  reversed. 

Thus,  if  in  the  first  instance,  the  bar  a  is  moved  for 
notch  2  to  be  in  position  1,  then  by  means  of  the  mechanism 
in  Fig.  264,  the  clutch  m  of  the  cone  c2  is  raised  on  the 
picking-arm  shaft  r ;  and  also  the  clutch  m1  of  the  cone  c3 
on  the  picking-arm  shafts  pp1,  Fig.  272,  so  that  both  the 
cones  may  turn  freely  on  the  upright  shafts  or  without 
having  any  effect  on  the  picking  of  the  loom.  The  take- 
up  shaft,  i,  and  the  lag  cylinder,  c  w,  Fig.  265,  are  both 
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driven  by  wheel  a  on  the  low  shaft  of  the  loom.  This 
wheel  gears  with  either  b  or  b1  according  to  the  position  of 
the  clutch  c.  In  the  diagram,  this  clutch  is  in  the  normal 
or  running  position  for  weaving.  If  changed,  by  moving 


the  handle  bar  a,  Fig.  264,  it  results  in  wheel  a,  Fig.  265, 
gearing  with  b1,  for  then  rod  r1,  acting  upon  l,  connected 
by  r2  to  l1,  changes  the  gear  of  a  from  b  to  b1.  This  results, 
first,  in  reversing  shaft  i  and  the  take-up  gear  i1 ;  and, 
second,  in  reversing  e  and  shaft  c1,  carrying  pin  p  which 
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turns  the  lag  cylinder,  c  w,  in  the  opposite  direction  to  that 
necessary  in  weaving. 

The  mechanical  arrangements  by  which  reversing  is  done 
in  the  American  dobbie  and  by  the  hand  method  of  opera¬ 
tion  are  well  devised.  The  shed,  pick,  and  shuttle-box 
movements,  all  being  controlled  by  one  vertically-driven 
shaft,  it  is  only  necessary  to  change  the  direction  of  its 
revolutions.  When  (Fig.  266)  the  coupling,  g,  of  the 
upright  shaft,  d  s,  has  been  disconnected  by  drawing  the 
lever,  m,  towards  the  front  of  the  loom,  the  handle,  l,  con¬ 
trols  bevel-wheel  gearing,  which  reverses  the  driver,  and 
therefore  the  pattern  and  box  chain  cylinder.  Further, 
the  disconnection  of  coupling,  G,  makes  it  possible  by 
handle,  i,  to  turn  the  box  and  pattern  chains,  and  elevate 
and  depress  the  shuttle  boxes  without  actuating  any  other 
parts  of  the  loom.  When  lever,  l,  is  in  its  normal  position, 
the  pinion,  1,  turns  the  pattern  chain  shaft  from  right 
to  left.  On  the  other  hand,  should  it  be  moved,  the  motion 
of  wheel  1  is  changed,  causing  wheel  3  to  revolve  from  left 
to  right ;  hence,  after  disconnecting  shaft,  d  s,  the  pattern 
chain  can  be  made  to  travel  backwards  by  turning  the 
hand  wheel  1.  This  is  effected  by  the  clutch  and  bevel 
wheel  gearing  n  and  b1,  b2,  and  b3,  Figs.  281  and  284. 
For  normal  running  b  meshes  with  b2,  but  for  reversing 
b2  is  out  of  gear,  and  b1  meshes  with  B;i. 

Arrangements  for  Levelling  the  Shafts  in  Open 
Shed  Dobbies.  These  are  necessary  for  facilitating  the 
mending  and  healding  of  broken  warp  threads — a  work 
which  can  be  more  readily  done  in  a  “  closed  ”  than  an 
“  open  ”  shed.  In  the  Hattersley’s  dobbie,  the  “  leveller  ” 
consists  of  a  bar,  Fig.  262,  which  when  actuated  by  the 
small  handle  and  connecting  lever,  disengages  the  jacks 
from  the  draw  bars,  allowing  the  heald  shafts  to  be  lowered. 
In  the  American  dobbie  the  motion  is  equally  simple.  There 
is  an  “inner”  or  “leveller”  part,  t  (Fig.  266),  fixed  under 
the  end  of  the  vibrator  levers  and  attached  to  the  grate. 
When  this  slide  is  drawn  out  it  raises  the  vibrator  gears 
above  the  teeth  of  the  bottom  cylinder,  so  that  by  turning 
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Fig.  266.  Hutchinson  and  Hollingworth’s  American  Wheel  Dobbie. 
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over  the  upper  cylinder  gear,  a,  all  the  shafts  ma}’  be 
elevated  or  brought  on  to  the  same  level. 

178.  The  American  or  Wheel  Dobbie. — -The  object  in  the 
ordinary  dobbie  and  tappet  shedding  motions  is  to  lift  and 
depress  the  heald  shafts  by  a  series  of  levers,  but  in  this 
invention  a  corresponding  result  is  obtained  by  a  system 
of  wheel  gearing,  hence  the  term  “Wheel”  in  contradis¬ 
tinction  to  “  Lever  ”  dobbie.  All  the  parts  combined 
are  dissimilar  to  those  employed  in  the  dobbie  mechanism 
alluded  to.  Tooth  or  cogged  cylinders,  vibrator  gears, 
vibrator  connectors  and  levers,  take  the  place  of  draw  or 
lifting  bars,  jack  levers,  and  indicating  levers.  The  pat¬ 
tern  chain  is  made  up  of  rods,  on  which  bowls  or  pulleys, 
and  bushes  or  tubes  are  arranged  in  the  order  of  the 
“  lifters  ”  and  “  sinkers  ”  for  each  pick  in  the  plan.  The 
construction  and  utility  of  the  various  parts  may  be 
separately  described. 

Cylinder  Gears  (see  a  and  a1,  Fig.  267).  These  cor¬ 
respond,  in  their  relation  to  the  other  parts  of  the  machine, 
with  the  lifting  bars,  in  the  lever  dobbie ;  the  upper 
cylinder,  a,  elevating,  and  the  lower  cylinder,  A1,  depress¬ 
ing  the  healds.  One-half  of  the  circumference  of  these 
gears  is  in  the  form  of  a  cog-wheel,  and  hence  they  have 
been  called  toothed  cylinders.  They  are  arranged  to 
regulate  the  heald,  shuttle-box,  and  picking  motions,  and 
are  made  in  such  a  manner  that  the  sections  which  work 
the  shafts  are  adjustable,  admitting  of  the  healds  and  boxes 
starting  at  different  times;  or  the  former  a  little  in 
advance  of  the  latter,  in  order  that  the  shed  may  be 
changed  previous  to  the  picks  or  shoots  of  weft  being- 
driven  into  position  in  the  piece.  This  is  an  advantage  in 
a  loom  constructed  on  the  open-shed  principle,  because,  in 
such  a  machine,  the  going-part  or  batten  leaving  the  jnece 
before  the  shed  has  been  altered  by  the  dobbie,  the  pick  or 
thread  of  weft  last  inserted  is  very  liable  to  spring  or  fall 
back,  this  constituting  one  of  the  main  causes  why  looms 
shedding  on  this  principle  do  not  generally  admit  of  such 
heavy  wefting  as  the  closed  shedding  motion .  The  difficulty, 
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however,  is  minimized  in  this  loom  by  adjusting  the  heddle 
and  box  gearings  on  the  cylinder  to  start  operating  on 
the  vibrators  at  different  times.  Of  course  it  will  be  under¬ 
stood  that,  whenever  the  tooth  section  of  one  cylinder  is 
changed,  it  is  necessary  to  make  a  similar  alteration  in  the 
other. 

Either  the  upper  cylinder,  a,  Fig.  267,  or  the  lower 
cylinder,  a2,  must  engage  the  vibrator  gears,  b1,  b2  ;  if  the 
former,  the  shafts  are  elevated,  if  the  latter,  they  are 
lowered. 


The  Vibrator  Levers,  Vibrator  Gears  and  Con¬ 
nectors.  These,  in  reality,  being  connected  together, 
form  one  piece,  b,  c,  e,  Fig.  268.  The  vibrator  lever  per¬ 
forms  the  same  functions  as  the  jack  in  the  lever  dobbie, 
receiving  the  bowl  (which  has  the  same  effect  as  a  peg  in 
the  lag  system),  of  the  pattern  chain ;  and  the  vibrator  gears 
to  the  draw  bars.  The  connectors,  d1,  d2,  Fig.  267,  com¬ 
municate  motion  to  the  L-shaped  levers  for  the  heald 
shafts.  One  feature  io  be  understood  is  the  manner  in 
which  the  vibrator  gears,  in  combination  with  the  cylinders, 
operate  upon  the  shafts.  In  transmitting  motion  to  the 
healds  by  a  series  of  levers,  the  strain  and  tension  are 
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applied  suddenly  to  the  warp,  and  also  as  suddenly  with¬ 
drawn.  A  characteristic  of  this  motion  is  that  the  strain 
on  the  warp  is  easy  when  the  shafts  commence  to  move, 
slightly  augmenting  until  the  shed  is  fully  formed,  or 
until  the  vibrator  gears  have  reached  the  centre,  when  the 
strain  gradually  decreases  to  the  other  extreme  of  the 
motion.  As  these  gears  are  constructed  on  the  crank 
principle,  the  greatest  speed  is  in  the  middle  of  the 
throw,  the  commencement  and  terminus  of  the  motion 
being  gradual.  Thus,  supposing  the  lower  cylinder  engages 
the  vibrator  gear,  it  carries  it  forward,  tooth  by  tooth, 
until  it  has  made  one-half  of  a  complete  revolution,  and 
lowered,  by  so  doing,  the  heald  shaft  attached  to  its 
L-shaped  lever.  The  vibrator  gear,  c,  Fig.  268,  is  riveted 
on  to  the  connector,  e,  at  the  point  lettered  b ,  and  revolves 


C 


on  a  small  pivot,  or  pin,  fixed  in  the  lever  b  at  d;  the 
slot,  /,  and  projection,  a,  determining  the  extent  of  its 
movements.  If  the  lower  cylinder  should  engage  the 
vibrator,  c,  it  would  carry  it  round  to  the  other  extremity 
of  its  slot,  or  until  point  i  should  be  in  contact  with  the 
pivot,  a,  of  the  lever.  This  results  in  e  being  propelled 
forward,  and  in  lowering  the  heald  shaft  of  the  jack 
lever  to  which  it  is  secured.  Providing  the  upper  toothed 
cylinder  next  engaged  c,  it  would  reverse  the  motion, 
causing  the  vibrator  to  assume  its  former  position,  or  that 
represented  in  the  sketch,  drawing  back,  at  the  same  time, 
the  connector  and  jack,  and  thus  raising  the  shaft,  to 
which  the  latter  is  attached. 

L-Shaped  ok  Heald-Shaft  Levers.  These  are  the 
same  in  construction  and  use  as  in  the  double-action 
lever  dobbie,  only  here  they  are  directly  actuated  by  the 
vibrator  connectors,  and  in  the  Keighley  machine  (Fig. 
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262)  by  the  central  or  control  levers,  l,  transmitting 
motion  in  both  clobbies  to  the  heddles.  When  drawn  back¬ 
ward  they  raise  the  shafts,  but  when  propelled  forward 
they  depress  them. 

The  Pattern  Chain.  This  chain  h,  Fig.  267,  regulates 
and  determines  the  movements  of  the  heald  shafts.  It  is 
differently  constructed,  as  stated,  from  the  lags  used  in 
the  ordinary  type  of  lever  dobbie,  consisting  of  metal  rods, 
on  which  tubes  and  bowls  or  pulleys  are  arranged  accord¬ 
ing  to  the  weaving  plan.  Certainty  of  action,  plus  little 
possibility  of  inaccurate  “lifts,”  which  are  caused  at  times 
in  the  use  of  lags  by  broken  or  damaged  pegs,  are  in  its 
favour.  But  the  chain  is  not  so  handy  to  construct  as  a 
set  of  lags.  To  re-arrange  a  rod  all  parts  have  first  to  be 
removed,  and  then  placed  in  order  of  pulleys  and  tubes  to 
produce  the  change  in  the  vibrator  gears  required,  the  rod 
Avhen  completed  being  linked  to  the  rest  of  the  chain. 
Moreover,  such  pattern  chains  are  much  heavier  than  sets 
of  lags,  are  more  difficult  to  manipulate,  and  in  extensive 
shuttling  patterns,  £?.</.,  check  styles,  compound-makes, 
rugs,  woven  lined  overcoatings,  etc.,  have  been  found  some¬ 
what  inconvenient. 

174.  Formation  of  the  Shed  in  the  American  Loom. — The 
method  of  actuating  the  healds  by  this  shedding  motion 
will  be  explained  by  referring  to  Figs.  266,  267,  269,  and 
281.  In  Fig.  267  the  mechanism  for  imparting  movement 
to  the  heald-shaft  levers  is  shown,  and  in  Fig.  269  the 
positions  of  the  levers,  e1,  e2,  when  the  heddles  are  lifted 
and  depressed  respectively.  Fig.  266  shows  the  shedding, 
reversing,  and  head-gear  motions. 

The  machine  is  driven  by  the  upright  connecting  shaft 
(d  s,  Figs.  266  and  281),  which  receives  motion  through  a 
pair  of  bevel  wheels,  from  the  main  or  crank  shaft  of  the 
loom.  U pright,  d  s,  carries  two  bevel-wheels  for  driving  the 
toothed  cylinders.  The  pattern  chain  shaft,  round  which 
the  chain  revolves,  is  driven  off  the  lower  cylinder  gear. 
Thus  the  shaft  of  this  cylinder  is  mounted  with  pinion,  1, 
geared  into  the  intermediate,  2,  which  turns  wheel,  3, 
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fixed  on  the  pattern  and  box  chain  shaft,  h,  Fig.  266.  It 
will  be  evident  that  the  connections  with  upright,  d  s,  are 
such  that,  when  set  in  motion  by  the  crank  shaft,  it  not 
only  turns  the  cylinders,  but  also  the  pattern  chain  shaft. 
Once  in  motion  the  cylinder  gears  come  in  contact  with  the 
vibrator  gears  (b1,  b2,  Fig.  267),  imparting  either  a  forward 
or  a  backward  movement  to  the  connectors,  and  the  latter 
actuating  the  j  acks  which  they  individually  operate.  Should 
the  lever  be  lifted  by  a  bowl  on  the  pattern  chain,  the 
vibrator  would  be  engaged  by  gear,  a,  Fig.  267,  and  the 
connector  drawn  back;  but  if  it  were  engaged  by  A1,  in 
consequence  of  a  bush  or  tube  having  been  placed  under¬ 
neath  it  on  the  rod  of  chain,  h,  it  would  be  carried  forward, 
propelling  the  jack  lever,  to  which  it  gives  motion,  towards 
the  heald  shafts.  The  upper  cylinder  revolves  from  right 
to  left,  and  the  lower  cylinder  from  left  to  right. 

Next  turn  to  Fig.  269.  The  vibrator  gear  of  e1  has 
been  lifted  by  a  bowl,  and  hence  engaged  by  the  top  gear ; 
the  lever  of  e2,  however,  has  rested  on  a  bush  of  the 
pattern  chain,  causing  the  vibrator  to  be  carried  round  by 
the  lower  cylinder,  a1.  The  effect  of  bowls  and  bushes,  and 
also  of  the  respective  cylinder  gears,  will  now  be  under¬ 
stood.  First  consider  the  result  of  raising  e1.  The  con¬ 
nector,  having  been  drawn  backward  by  the  upper  cylinder 
coming  in  contact  with  its  vibrator  gear,  has  given  a  cor¬ 
responding  motion  to  e1,  raising,  as  a  necessary  sequence, 
by  means  of  the  harness  cord,  c,  the  front  shaft,  h1.  As 
the  levers,  e,  are  fulcrumed  at  the  elbow,  when  drawn 
backward  at  6,  they  sink  at  a ;  but,  when  propelled  forward 
at  6,  as  in  the  case  of  e2,  they  rise  at  a.  Unless  the  levers 
thus  operated,  the  cords  for  drawing  down  the  heddles,  cl, 
would  drag  against  those  for  lifting  them.  According  to 
the  arrangements  shown,  e1,  having  been  pulled  away  from 
the  heald  s  by  its  connector  has  lifted  h1;  the  lower  shaft 
of  this  heddle  has  raised  levers,  J1  and  J3,  thus  maintaining 
the  connecting  wires,  w  and  n1,  when  levers  e  are  lowered 
at  u,  at  one  tension.  The  connector  of  e2  has  been  engaged 
by  the  bottom  cylinder  gear;  hence  it  has  imparted  a 


Mci.  269.  Showing  Heald  Shaft  flexible  connections  in  ordinary  Dobbie  Looms  for  weaving  Full-width  Pieces. 
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forward  movement  to  e2,  and  lowered  heald  shaft  h2. 
Levers  e1,  e2  are  connected  by  wire  and  strap  gearing  to 
the  levers  underneath  the  healds,  which  are  employed 


for  depressing  the  shafts.  Thus  the  strap  of  the  wire  of 
e2,  having  been  passed  under  the  heald  pulleys,  p3,  is 
attached  to  J2,  the  latter  lever  being  in  communication 
with  the  bottom  of  the  heddles.  So  that  the  final  effect 
of  e2  being  drawn  backwards,  is  that  it  draws  j2  towards 
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the  pulleys,  p3,  which  depresses  it  at  the  opposite  end, 
and  so  sinks  the  heald  shaft  h2  to  which  it  is  connected. 

The  Open  Shed  Arrangement  (see  Fig.  285).  The 
principal  appliance  to  be  considered  in  connection  with  the 


“  open  shed  ”  is  the  holding-up  bar  or  lock  knife  shown  at 
l  b,  Fig.  285.  The  lock  bar  is  operated  upon  by  the  ec¬ 
centric  on  the  lower  cylinder  a1  when  the  shed  is  being 
formed;  this  done,  it  is  brought  against  the  grate,  and  kept 
in  position,  to  retain  the  exact  arrangement  of  the  shafts 
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of  the  shed  produced  until  the  bowls  and  tubes  of  the 
succeeding  rod  of  the  pattern  chain  occupy  the  places  of 
their  predecessors  on  the  chain  shaft.  In  the  diagram, 
l  b  is  in  contact  with  the  grate,  or,  in  the  position  for  main¬ 
taining  the  order  of  the  heddles  in  the  shed  last  formed. 

175.  Picking  Motions. — These  are  of  two  types  of  me¬ 
chanism,  namely,  over-pick  (picking  arm  or  lever  over  the 
shuttle  boxes),  and  under-pick  (picking  levers  under  the 
boxes).  Both  forms  are  applied  to  looms  for  weaving 
woollen,  worsted  and  union  fabrics.  In  cotton  and  silk 
looms  the  over-pick  motion  is  largely  used,  but  here  again 
there  is  also  a  standard  and  effective  style  of  under-pick 
arrangement. 

Figs.  270  and  271  are  diagrams  of  the  cam-and-cone 
over-pick.  It  is  driven  off  the  low  shaft  of  the  loom.  Part 
d  is  the  picking  arm  carrying  the  strap  fastened  to  the 
picker  sliding  on  the  spindle  of  the  shuttle  box;  c  is  the 
upright  oscillating  shaft  on  which  the  arm  d  is  fixed ;  b  the 
cone  bolted  on  to  this  shaft;  and  a  the  cam  revolving  on 
the  bottom  shaft.  These  parts  are  in  duplicate,  one  set  for 
each  side  of  the  loom,  onty  the  cams  of  the  respective  ends 
are  so  arranged  as  to  engage  the  cones  alternately. 

In  Fig.  271  the  picking  arm  is  shown  out  of  action,  or 
after  the  completion  of  a  stroke.  To  impart  a  forward 
traverse  to  it,  the  upright  c  is  made  to  twist  or  oscillate. 
This  is  done  by  the  cam-and-cone  mechanism.  As  the  low 
shaft  revolves  it  carries  round  cam  a,  the  tip  of  which, 
coming  in  contact  with  the  cone,  presses  it  backward  and 
so  propels  the  picking  arm  towards  .the  centre  of  the 
loom.  In  order  to  secure  a  rapid  and  decided  movement 
of  b  the  cam  a  is  curved  inward  just  approaching  the  point. 
After  striking,  the  form  of  construction  of  the  cam  allows 
the  picking  arm  to  be  gradually  brought  back  to  its  normal 
position  by  the  spring  r. 

This  cam-and-cone  motion  picks  from  each  side  of  the 
loom  alternately,  but  in  fancy  weaving  it  is  necessary  to 
pick  from  either  end  for  any  number  of  picks,  following 
the  pattern  of  weft  to  be  woven.  To  accomplish  this  there 
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is  a  special  lever  in  the  dobbie  for  controlling  the  parts 
sketched  in  Fig.  272,  a  diagram  of  the  Hattersley’s  motion, 
which  is  both  effective  and  reliable. 

The  function  of  the  connector  e,  when  actuated  by  the 
picking  indicator  of  the  dobbie,  is,  by  the  levers  L,  l1,  to 
retain  the  parts  m,  m1  at  one  of  the  positions  shown 
at  a,  a1.  If,  as  at  a,  the  picking  shaft  p  is  rendered 


operative  ;  but,  if  as  at  a1,  the  picking  shaft  is  rendered 
inoperative,  and  would  fail  to  impart  to  p1  the  necessary 
movement  to  the  picking  arm  n1  to  propel  the  shuttle 
from  side  to  side  of  the  loom. 

The  action  of  cams  c,  c1  and  cones  c2,  c3  is  identical  to 
that  described  in  relation  to  Fms.  271  and  272. 

o 

176.  Under  Pick  Motion. — This  arrangement  of  picking, 
like  that  of  the  cone  motion,  is  driven  off  the  low  shaft.  In 
Fig.  249  the  parts  of  the  under  pick  motion  applied  to  the 


Connecting  Rod  to  tnd feat  ion  in  Oobbie 
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Hollingworth  loom  are  sketched.  The  tappet  t  is  caused  by 
the  head  gearing  of  the  loom,  to  engage,  as  required,  the 
part  p,  which,  by  means  of  strap  R,  draws  the  picking  lever, 
ir,  forward,  and  thus  drives  the  shuttle.  The  picking  arms 
are  brought  into  striking  action  by  a  strong  spring 
fastened  to  their  lower  ends.  The  loom  may,  on  this  prin¬ 
ciple,  be  made  to  pick  from  either  side  of  the  loom  several 
times  in  succession.  A  bowl  or  pulley  in  the  shuttling 
pattern  chain  raises  the  picking  lever  (i,  Fig.  286),  which 
controls  the  picking  gearing  on  the  left  side  of  the  going 
part,  while  a  tube  or  bush  under  this  lever  causes  the  loom 
to  pick  from  the  right  side. 

LI oiling  worth’s  Whip-Pick  is  an  improvement  on  the 
motion  described.  It  is  designed  to  relieve  the  strain  on 
the  picking  arm  h  (Fig.  273)  and  to  secure  a  reliable 
checking  of  the  shuttle  on  entering  the  receiving  box. 
This  is  effected  by  the  mechanism  in  the  diagram.  The 
controlling  picking  arm  h  receives  motion  from  the  bowl 
of  the  tappet  t  revolving  on  shaft  r,  which  engages,  as 
indicated  by  the  picking  lever  (i,  Fig.  286)  in  the  dobbie, 
the  shoe,  or  cam  p,  fixed  on  the  bottom  of  h.  This  lever  is 
secured  at  the  top  by  picking  strap  J  to  the  picker  b.  It 
follows  that  when  the  bowl  of  part  t  strikes  the  shoe  p  it 
gives  a  rapid  half-turn  action  to  H,  drawing  the  picker  b 
forward  in  the  shuttle-box,  and  conveying  the  requisite 
momentum  to  the  shuttle  to  produce  its  ejection  from  the 
box,  traverse  across  the  race  plate  at  the  essential  speed, 
and  entrance  into  the  opposite  or  receiving  box  of  the 
going  part.  The  picker  b  is  also  connected  to  the  checker 
strap  J1  and  following-up  strap  J2,  so  that  in  its  advance 
action  it  draws  with  it  arm  H1,  fastened  at  the  bottom  to 
spring  s ;  hence  Avhen  the  bowl  of  part  t  ceases  to  be  in 
contact  with  p,  spring  s  draws  back  lever  h,  and  spring  s1 
lever  h1,  bringing  the  active  or  striking  picker  b  against 
the  check  picker  a. 

Hodgson’s  cam-and-cone  under-picking  motion  for  ir¬ 
regular  picking,  or  picking  as  required  from  each  side  of 
the  loom,  is  sketched  in  Figs.  274  and  274a.  The  former 
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is  an  end  view  of  the  motion,  a  being  the  cam  fixed  on 
the  cam  shaft  for  engaging  the  cone  b  of  the  upright  c. 
For  bringing  the  cone  into  normal  position,  the  spring  f 
is  employed.  The  mechanism  for  connecting  the  two  sides 
of  the  loom  together  is  shown  in  Fig.  274 <2;  also,  the 
cones,  b,  b1,  upright  picking  shafts,  c,  c1,  picking  arms, 
d,  d1,  springs  <J,  G1  for  the  recover}7  of  the  picking  arms,  and 


Fig.  273.  Whip-Pick  Motion  (Hutchinson  and  Hollingworth). 


the  connecting  rod  and  spring  r  for  the  two  levers.  The 
motion  is  controlled  from  a  section  of  the  dobbie. 

177.  Automatic  Warp  Let-off  Motions. — The  warp  let-off 
motion  in  many  classes  of  tappet  and  single-action  dobbie 
looms  is  on  the  friction  brake  principle.  This  method  of 
delivering  the  warp  from  the  chain  beam  has  been  de¬ 
scribed  in  the  Chapter  on  Hand  Looms.  It  is  the  automatic 
arrano-ement  and  mechanism  which  have  now  to  be  con- 

O 

siderecl.  In  power-loom  weaving  it  is  imperative  that  the 
warp,  throughout  the  production  of  the  piece,  should  be 


430 


WOOLLEN  AND  WORSTED 


uniformly  tensioned  and  regularly  delivered.  Any  varia¬ 
tion  in  either  of  these  features  results  in  defective,  shady 
and  imperfectly  woven  fabrics.  Theoretically  it  would  be 
ideal  to  control  the  let-off  and  the  take-up  motions  by  the 


same  initiative  mechanism — but,  in  practical  operation,  it 
has  been  found  more  satisfactory  to  have  the  two  motions 
distinct  in  mechanical  parts,  and  so  adjusted  as  to  work 
in  unison  with  each  other.  If  it  were  a  problem  of  the 


constant  delivery  of  an  equal  length  of  warp  with  a  cor¬ 
responding  length  of  fabric  woven,  it  could,  comparatively, 
be  readily  solved — for  it  would  in  such  a  case  be  the  wind¬ 
ing  from  one  roller  or  beam  on  to  another,  and  the  tension 
applied  would  be  the  chief  factor  of  adjustment.  But  there 
are  other  problems,  e.g.  (1),  the  warp  beam  is  from  the 
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commencement  of  weaving  to  the  completion  of  the  piece 
decreasing  and  that  of  the  cloth  beam  increasing  in  diameter  ; 
(2)  a  difference  in  the  length  of  warp  delivered  to  the 
length  of  piece  taken  up,  owing  to  the  interlacing  of  the 
warp  threads  with  the  picks  of  weft — the  more  frequent 
the  interlacings  and  the  thicker  the  weft  yarn,  the  greater 
the  length  of  warp  required  for  a  definite  length  of  fabric ; 
and  (3)  the  securing  of  a  fixed  tension  on  the  warp  threads 
during  the  whole  operation  of  weaving. 


Fig.  275.  Single  and  Double  Let-off  Motion  (Hutchinson  and  Rollingworth). 

The  various  parts  of  the  standard  or  worm-shaft  motion 
are  sketched  in  Figs.  275,  276  and  277.  W2  and  w3  are 
the  warp  beam  wheels ;  w,  w1  the  worm-wheels  for  turning 
w2,  w3 ;  s,  s1,  the  let-off  shafts ;  d,  d1  the  brake  wheels,  around 
which  is  passed  a  strap  at  the  end  of  which  a  weight  is 
attached  ;  and  c,  c1  the  catch  wheels.  The  view  of  the 
motion  (Fig.  275)  is  taken  from  H  oiling  worth’s  loom. 

For  weaving  compound  fabrics  in  which  different  counts 
of  yarns  or  qualities  of  material  may  be  used  for  the  face 
and  backing  warps,  or  in  any  class  of  texture  in  which 


432 


WOOLLEN  AND  WORSTED 


two  sets  of  warp  yarns,  requiring  separate  tensioning,  have 
to  be  employed,  and  for  which  a  two-beam  let-otf  motion  is 
essential,  the  parts  are  all  in  duplicate,  so  that  the  expla¬ 
nation  given  applies  equally  to  the  motion  for  the  upper  or 
lower  warp  beam. 

There  are  two  points  of  control.  Taking  fig.  275  there 
are  :  ( a )  the  lever  connection  g1  from  the  upright  lever  of 
the  going  part,  g,  and  actuating  the  catches  cl,  d;  and  (6) 
the  lever  mechanism,  a  and  b,  and  connections  r1  and  R2for 
operating  the  metal  slide  or  cover  of  the  catch  wheels, 
c,  c1  of  the  worm  shafts  s,  s1.  Parts  a,  a1  are  the  warp-rest 
supports  over  which  the  yarns  pass  to  the  healcls.  They  are 
connected  to  c2,  c3,  Figs.  275  and  277,  which  sustain  lever 
c4,  weighted  to  agree  with  the  tension  needed  on  the  warp 
or  warps  in  weaving.  The  greater  the  weight  on  c4,  the 
more  resistance  offered  by  the  rests  fixed  in  a,  a,1  to  the 
drag  of  the  warp  in  shedding  and  beating  up,  hence  the 
higher  the  tension  and  the  more  wefting  facility.  The 
catches  d ,  in  the  system  illustrated  in  Fig.  275,  are  in  con¬ 
stant  operation,  but  may  only  engage  the  teeth  in  c1  when 
the  metal  cover  is  drawn  sufficiently  back  by  the  action 
of  levers  A  and  b.  The  freer  the  action  of  a,  the  freer 
the  traverse  of  the  catch  wheel  cover;  but  here,  again, 
this  depends  upon  the  adjustment  of  the  hand  screws, 
h  s,  which  may  be  regulated  to  give  a  shorter  or  a  longer 
stroke  to  the  intermediate  lever  b.  As  the  going  part 
moves  backward  it  lifts  the  catches  through  the  lever 
and  rod  connections,  which  if  operative — i. e. ,  the  metal 
plate  drawn  back  by  the  action  of  levers  a  and  b — turn 
the  worm  shaft  and  unwind  the  yarn  from  the  chain  beam. 

Figs.  276  and  277  are  diagrams  of  the  Hattersley  motion 
in  which  the  warp  let  off  is  also  done  by  lever  connections 
from  the  going  part,  and  in  which  the  principle  of  mechanical 
control  is  similar  to  that  described.  The  upright  g  by  the 
levers  g1  and  g2  alternately  raise  and  lower  the  projecting 
pin  g3  which,  when  it  comes  in  contact  with  lever  b,  causes 
it  to  lift  the  catches  cl,  and  turn  the  let-off  wheel  c  or  c1  on 
the  shaft  s  or  s1.  The  means  by  which  the  degree  of  tension 
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is  applied  to  the  warp,  and  the  scheme  of  mechanical  parts 
employed  are  similar  in  the  let-off  motions  in  Hattersley’s, 
Hodgson’s,  and  H  oiling  worth’s  looms. 

Such  is  the  construction  of  this  type  of  let-off  motion 
that  a  series  of  thick  picks  of  weft  inserted  in  succession 
would  result  in  a  greater  than  an  average  length  of  warp 
delivered,  because  in  order  to  weave  them  into  the  fabric 


without  modifying  the  take-up  mechanism,  would  neces¬ 
sitate  the  batten  pressing  with  increasing  force  on  the  fell 
of  the  cloth,  and  augmenting  the  movement  of  the  levers 
carrying  the  warp  rest.  This  is  an  extreme  example  given 
to  show  that  whereas  the  motion  is  automatic,  it  is  not 
absolutely  positive  in  the  sense  of  precisely  the  same 
length  of  warp  yarn  being  unwound  for  each  throw  of  the 
shuttle,  but  dependent  upon  the  operation  of  lever  me- 
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chartism  in  a  degree  governed  by  the  counts  or  thickness 
of  the  weft  yarn. 

178.  Winding  of  the  Fabric  on  to  the  Piece-Beam. — There 
are  two  systems — the  change  wheel  or  positive,  and  the 
non-positive  motions.  The  former  is  applied  extensively 


Fig.  278. 


to  looms  for  weaving  worsted,  cotton,  linen  and  silk  fabrics. 
In  woollens  where,  from  the  nature  and  construction  of 
the  yarn,  there  is  more  inequality  in  the  counts  of  the 
weft  than  in  worsted  or  cotton,  the  non-positive  motion 
is  better  adapted  than  the  change-wheel  motion,  being- 
more  permissive  in  its  work. 

179.  Change  Wheel  Setting-up. — This  motion  (Eig.  278) 
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comprises  setting-up  lever,  l;  catch,  c;  ratchet  wheel,  k; 
change  wheel,  w;  friction  or  feed  roller  wheel,  a;  inter¬ 
mediate,  b;  pinion,  p;  and  holding-up  catch,  H.  The 
piece-beam  is  turned  solely  by  friction,  the  sand  or  friction 
roller  of  wheel  a  being  in  close  contact  with  it,  so  that  the 
movement  of  a  is  equivalent  to  that  of  the  cloth  beam. 
The  motion  is  driven  off  the  sword.  Thus,  when  s  moves 
towards  the  fabric,  it  presses  the  catch,  by  means  of  lever 
L,  to  which  it  is  attached  by  pin  g,  forward,  imparting 
movement  to  the  ratchet  wheel.  Now,  as  the  ratchet 
works  on  the  same  stud  as  the  change  wheel,  it  follows 
that,  if  it  is  set  in  motion,  it  will  cause  w  to  turn  inter¬ 
mediate  b,  which,  through  the  pinion  p,  gives  movement 
to  a.  The  holding-up  catch  is  merely  to  prevent  the 
ratchet  from  running  back  when  c  is  carried  backward  by 
the  receding  motion  of  the  sword  of  the  going-part. 

By  altering  the  number  of  teeth  in  the  change  wheel, 
the  number  of  picks  woven  to  the  inch  in  the  fabric  may 
be  varied  according  to  the  weight  of  texture  required.  To 
find  the  number  of  teeth  in  the  change  wheel  of  this 
motion ;  F irst,  multiply  the  picks  per  inch  by  the  circum¬ 
ference  of  the  friction-beam  in  inches,  and  divide  by  the 
number  of  teeth  in  the  ratchet  wheel :  Second,  multiply 
the  teeth  in  the  friction  beam  wheel  by  the  teeth  in  the 
intermediate,  and  divide  by  the  result  of  Rule  I  multiplied 
by  the  teeth  in  the  pinion.  Example :  Required  the  number 
of  teeth  in  the  change  wheel  for  weaving  56  picks  per  inch, 
the  circumference  of  the  friction  beam  being  13",  the 
ratchet  wheel  containing  60  teeth,  friction  beam  wheel  120, 
intermediate  120,  and  the  pinion  20. 

56  (picks)  x  13"  (circumference  of  friction  beam) 

60  teeth  in  ratchet  wheel  —  ^  1 5 

revolutions  of  the  ratchet  wheel  to  weave  13"  of  cloth,  or 
to  one  revolution  of  the  friction  or  feed-beam.  That  is, 
supposing,  as  stated,  r  =  the  ratchet  wheel ;  w  =  the  change 
wheel ;  a  =  the  friction  beam  wheel ;  b  =  the  intermediate, 

a  x  b  1 


and  p  =  the  pinion,  then, 


w  x  p 


12A 


or  in  another  form 


Fig.  279.  Take-up  Motion,  End  Elevation  (Hattersley). 
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w  must  make  1 2  f~  revolutions  to  a  making  one.  There¬ 
fore,  the  formula,  according  to  Rule  II,  for  completing 
the  problem  is : 

120  (teeth  in  friction  beam  wheel)  x  120  (teeth  in  intermediate) 

12pj  (revs,  of  ratchet  to  weave  13"  of  cloth)  x  20  (Pinion) 
practically  59  teeth  in  the  change  wheel. 


This  is  the  simple  form  of  positive  take-up  mechanism, 
and  does  not  provide  for  reversing,  nor  such  rigidity  of 
parts  as  is  necessary  in  looms  intended  to  be  used  in  the 
production  of  heavy  as  well  as  light- wefted  fabrics.  Two 
standard  motions  of  this  latter  description  are  sketched  in 
Figs.  279  and  280  (Hattersley),  and  Figs.  281  and  282 


Fig.  281.  Cylinder  Drive  Take-up  Motion  Fig.  282.  Cylinder-Drive  Take-up  Motion, 

(Holling worth).  Front  Elevation. 
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(Hollingworth).  Both  systems  are  applied  to  woollen  and 
worsted  looms  and  are  sufficiently  suggestive  and  illus¬ 
trative  of  the  mechanical  problem  involved.  Hodgson, 
Sowden,  and  other  well-known  loom-makers  construct 
motions  of  a  like  character  for  their  looms. 

In  Figs.  279  and  280  corresponding  parts  are  lettered 
alike.  The  wheels  a  and  b,  in  dotted  lines,  are  the 
eccentric  driving  gear  for  the  shedding,  and  are  not  part 
of  the  take-up  motion,  which  is  driven  by  wheel,  c,  fixed 
on  the  cross  shaft,  and  gears  with  one  of  the  two  bevel 
wheels  shown,  one  when  taking  up,  and  the  other  when 
winding  back.  The  set-up  is  primarily  effected  by  the 
worm  wheel  g  on  the  sleeve  shaft  of  bevels  c.  Worm  wheel 
G  operates  h,  turning  pinion  i  gearing  with  J,  mounted  on 
the  same  stud  as  the  change  wheel  k.  This  wheel  meshes 
with  l,  and  gives  motion  to  the  friction  roller  f  r,  Wheel 
m  is  for  hand  working. 

A  useful  method  adopted  by  Hollingworth  is  to  drive 
off  the  pattern  chain  cylinder,  Figs.  281  and  282.  In  this 
way,  when  reversing  by  turning  wheel  1,  the  shedding  and 
other  motions,  the  let-off  and  take-up,  are  also  operated. 
The  chain,  c,  travelling  round  sprocket  wheels,  a'2  and  a, 
turns  the  boss  on  which  lvheel  5  (change)  is  keyed  and 
gears  with  a  wheel  of  a  suitable  number  of  teeth  on  shaft 
s1,  with  the  wo  mi  wheel,  w.  This  drives  wheel  e  on  the 
end  of  the  friction-beam  shaft.  In  reversing,  the  knob,  k, 
is  withdrawn,  so  that  turning  h  p  results  in  the  piece 
being  wound  off,  as  pick  by  pick  is  taken  out,  and  in 
the  warp  being  simultaneously  wound  on  to  the  warp 
beam. 

The  non-positive  or  negative  motion  is  a  simple  and 
effective  device  for  looms  for  weaving  certain  classes  of 
woollen  fabrics,  allowing  of  some  variation  in  the  take-up 
to  agree  with  any  slight  inequality  in  the  counts  of  the 
weft  yarn. 

A  type  of  this  motion  is  given  in  the  diagram  (Fig.  283)  : 
a  is  the  pin  in  the  upright  of  the  going  part  for  engaging 
the  take-up  lever  b,  which  carries  the  take-up  catch  c. 
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b  is  weighted  to  cause  it  to  regain  the  normal  position 
after  it  has  been  actuated  by  a  ;  thus  when  a  operates  b, 
the  catch  c  turns  the  ratchet  wheel  w,  and  it  through  inter¬ 
mediates  gives  motion  to  the  piece  beam  wheel. 

180.  Shuttle-Box  Mechanism. — In  looms  for  weaving 


Fig.  283.  Negative  Take-up  Motion  and  Driving  Arrangement  (Hutchinson 

and  Hollingwortli). 


A=Pin  on  Lever  of  Going- part.  cl  =  Holding-up  Catch. 

b= Take-up  Lever.  w=Take-up  or  Ratchet  Wheel. 

C=Take-up  Catch.  wl  =  Wheel  for  driving  Piece-beam  Wheel. 

a1  a1  =  Belt  Pulleys. 


fancy  fabrics  an  effective  shuttling  motion  is  essential  in 
order  to  afford  scope  for  pattern  colouring  in  the  weft,  or 
for  the  use  of  several  qualities  of  weft  yarns.  Two  prin¬ 
ciples  of  mechanism  are  practised  : 

I.  Vertical  or  Drop-Box  arrangement. 

II.  Circular  or  Revolving-Box  arrangement. 
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The  former  is  applied  largely  to  looms  for  producing 
woollen  and  worsted  fabrics,  allowing  of  the  employment 
of  a  larger  shuttle  than  the  type  convenient  in  the  revolv¬ 
ing-box  system.  It  is  a  reliable  motion,  and  may  be 
speeded  in  the  weaving  of  worsteds  up  to  120  picks  per 
minute.  The  circular  motion  being  lighter  in  construc¬ 
tion  may  be  run  considerably  quicker.  Vertical  box 
motions  should  be  positively  controlled  in  rising  and  lower¬ 
ing,  and  circular  box  motions  in  moving  forward  or  back¬ 
ward. 

181.  Vertical  or  Drop-Box  Motions. — These  comprise: 

A.  The  vibrator  gear  and  lever  motion. 

B.  Ordinary  lever  motion  for  indicating,  combined  with 
clutch  wheel  mechanism  of  control. 

C.  Ordinary  lever  motion  for  indicating,  combined  with 
vibrator  gears  and  levers  for  lifting  and  lowering  the 
boxes. 

Each  system  is  applicable  to  looms  with  two,  three,  four, 
or  six  shuttle-boxes  at  each  end  of  the  shuttle  race.  Looms 
are  also  constructed  with  two  or  three  boxes  at  one  side 
of  the  going-part  only. 

System  A.  This  is  applied  to  the  American  or  wheel 
dobbie  loom  as  made  by  Hutchinson  and  Hollingworth, 
The  shuttling,  picking,  and  shedding  motions  are  con¬ 
trolled  by  the  same  pattern  chain  cylinder — a  method 
which  is  standardized  in  the  principal  classes  of  woollen 
and  worsted  looms,  securing,  as  it  does,  the  unison  in 
working  of  these  three  distinct  sets  of  mechanism.  Separate 
sections  of  this  cylinder — d,  d1,  Fig.  286 — are  utilized 
for  the  shedding  and  shuttling  chains  respectively,  an 
arrangement  that  provides  for  changing  the  timing  of  the 
motions  they  determine  in  relation  to  each  other. 

The  principle  of  the  motion  is  that  of  levers  with  arms 
of  different  powers  to  produce — in  a  four-box  loom — three 
lifts,  the  short-armed  lever  s2,  s5  effecting  the  first  or 
minimum  lift,  the  longer- armed,  c3,  c4  Figs.  284  and  285, 
the  second  or  intermediate  lift,  and  the  two  in  combination, 
the  third  lift.  In  a  six-box  motion  the  power  of  the 
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compounded  lever  is  doubled  by  the  addition  of  another 
lever  operating  in  conjunction  with  a  lever  of  the  c3,  and 
c4  type ;  and  the  mechanism  comprises  six  levers,  namely, 


FlG.  284.  Shuttle-Box  Motion  (Hutchinson  and  Hollingworth),  also  showing 
Warp  Best  and  Let-off  Levers. 


b,  b1  =  Bevel  Geai's  for  driving  Cylinders. 
B-,  b3  =  Clutch  Bevel  Gears. 

D.S.  =Upright  Driving  Shaft. 

E1,  E2=Heald  Shaft  Levers. 

S2,  s5  =  Simple  Levers  for  Shuttle  Boxes. 

C3,  c4=Compound  Levers  for  Shuttle  Boxes. 
F.S.  =  Fulcrum  for  Box  Levers. 


p-  =  Picking  Lever. 

G.P.  =  Guide  Pulleys. 
lA=Crank  of  Driving  Shaft. 
lB=Crank  Arm. 

A  =  Warp  Rest  Lever. 

B-  =  Let-off  Lever. 

Mi,  m2,  M2,  M*=Shuttle  Boxes. 


two  simple  levers;  two  compound  levers;  and  two  double¬ 
compound  levers.  The  picking  lever,  as  in  a  four-box 
motion,  is  placed  at  the  side  of  the  series. 

Fig.  284  is  a  view  of  a  four-box  motion,  and  Fig.  285 
a  diagram  of  the  two  sets  of  levers— simple  and  compound 
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— and  their  connections.  It  will  be  observed  that  the 
vibrator  levers,  gears,  and  connectors  are  similar  to  those 
for  controlling  the  action  of  the  heddles,  with  this  differ¬ 
ence — the  connectors,  d,  are  secured  to  simple  and  com¬ 
pound  levers,  s2,  s5,  and  c3,  C4.  In  the  diagram,  s5  and  c4, 
are  shown  after  being  operated  by  the  vibrator  gears 
coming  in  contact  with  the  upper  cylinder  gear  of  the 
dobbie,  resulting  in  lifting  the  fourth  box  on  the  left 
side  of  the  loom.  By  passing  the  chain,  cl  (Fig.  286), 
which  communicates  motion  to  the  shuttle  boxes,  from 
the  simple  lever,  s5,  round  the  pulley  of  the  compound 
lever,  c4,  they  both  work  in  combination.  Lever  s5  effects 
the  elevation  of  the  second  box,  m2;  c4  the  elevation  of 
the  third  box,  m3;  and  the  two  levers  acting  as  one,  as 
just  defined,  raise  the  fourth  box,  m4. 

The  boxes  on  the  right  side  of  the  loom  are  controlled 
by  levers  S'  and  c3,  which  are  shown  in  the  same  relation 
in  Fig.  284,  i.e.,  for  lifting,  as  levers  s5  and  c4  in  Fig.  285. 

The  method  in  which  the  levers  actually  operate  the 
boxes  by  chain  c1  passing  round  suitable  guide  pulleys  is 
explained  below  in  relation  to  Figs.  286  and  286a. 

Should  the  boxes  be  mechanically  drawn  down  as  well 
as  drawn  up — the  accurate  principle  of  motion — then  a 
double-chain  attachment  to  the  lifter  plate,  k,  Figs.  286 
and  286a,  for  the  boxes  is  made.  The  parts  for  one  series 
of  boxes  are  shown  in  the  sketches  and  also  the  chain- 
gearing  (Fig.  286a)  leading  to  the  opposite  series  of  boxes 
for  which  the  mechanism  is  duplicated.  Chain  o1  being 
fastened  to  the  top  of  k  is  for  lifting,  and  c3  to  the  bottom 
of  the  plate  for  depressing — both  being  operated  by  the 
same  lever.  Seeing  that  such  levers — s2,  s5,  and  c3,  c4 — arc 
positively  controlled  or  moved  laterally  backward  and 
forward  by  the  upper  and  lower  cylinder  gears  (Fig.  285) 
according  to  whether  raised  or  lowered  by  the  box 
chain,  a  complete  circuit  of  connection  or  chain  control  is 
established  to  and  from  the  dobbie  box  levers  with 
part  k. 

Chain  cJ  is  for  lifting,  and  c4  for  depressing  the  boxes 
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at  the  reverse  side  of  the  loom  to  that  sketched  in  the 
diagram. 

System  B  (Fig.  287).  The  motion  (Hodgson’s)  operates 
from  ordinary  dobbie  levers  a  pair  of  clutch  gears  which 
slide  on  shaft  d  driven  off  the  main  shaft  by  wheels  a,  b, 


Fig.  285.  Sectional  Drawing  of  Hutchinson  and  Hollingworth’s  Shuttle-Box 

Motion.  . 


a  =  Upper  Driving  Cylinder. 
A 1  =  Lower  Driving  Cylinder. 
B=Vibrator  Gear. 
c= Horizontal  Lever. 
d  =  Connector. 


s2,  s3=Simple  or  Sing'le-lift  Levers. 
C3,  c4=  Compound  Level’s. 

G= Grate. 
lb.  =Lock  Bar. 

C4p,  s2P  =  Chain  Pulleys. 


and  c.  The  clutches  bring  into  position  the  toothed  wheel 
d,  arranged  to  engage  either  segment  wheel  e  or  f.  Con¬ 
nector  g  is  fulcrumed  on  the  circumference  of  e,  and  h  on 
the  centre  of  f,  and  therefore  g  gives  a  greater  traverse  to 
the  lifting  lever,  i,  than  connecting  arm,  h.  Connector  g 
corresponds  to  a  compound  and  H  to  a  simple  lever  in  the 
first  system.  Operating  separately,  they  have  the  power 
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to  effect  a  single  or  a  double  movement  of  the  boxes;  but, 
when  acting  together,  the  power  to  raise  or  to  lower  them 
from  the  bottom  to  the  top  position  or  vice  versa.  The 
several  positions  attainable  in  the  working  of  the  motion 
are  as  follows : 


Fig.  286.  End  Elevation  of  Positive  Lift  and  Positive  Depression  Shuttle-Box 
Motion  (Hutchinson  and  Hollingworth). 


I.  Clutch  operation  of  segment  e  =  1st  to  2nd  box  lifted 
or  2nd  to  1st  box  lowered. 

II.  Clutch  operation  of  segment  f  =  1st  to  3rd  box  lifted 
or  3rd  to  1st  box  lowered. 

III.  Clutch  operation  of  segments  e  and  f=  1st  to  4th 
box  lifted  or  4th  to  1st  box  lowered. 

System  C.  Hattersley’s  motion— Fig.  288 — is  a  com- 
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bination  of  the  lever  and  wheel-gear  types.  The  mechanism 
is  in  two  sections  :  (a)  the  dobbie  levers,  and  (6)  the  parts 
in  the  diagram,  and  which  have  a  corresponding  action 
to  the  mechanism  for  operating  the  box  levers  in  the 
wheel  dobbie.  The  dobbie  levers  are  connected  by  four 
rods,  r,  to  the  supplementary  or  vibrator  levers,  a,  a1. 
These  carry  the  vibrator  gears,  v1,  v2,  v3,  and  v4  (not 
shown  in  sketch),  which  are  operated  by  the  segment 


Fig.  2S6<7.  Front  Elevation  of  Double  Chain  Box  Motion. 

C1,  C»  -  Chains  for  controlling  Boxes  m1  to  m4;  and  Chains  c2,  c4  for  like  Boxes  at  the  reverse 

end  of  the  Loom. 


cylinders,  c,  c1.  Each  vibrator  is  connected  by  an  inter¬ 
mediate  lever,  b,  to  either  a  clouble-lift  lever,  l2,  or  a 
single-lift  lever,  if,  and  these  are  secured  to  the  box  lever 
or  treadle,  l4.  The  boxes  are  normally  in  the  bottom 
position.  A  simple  lever  has  the  effect  of  lifting  to  the 
2nd  box,  a  compound  lever  to  the  3rd,  and  the  two  work¬ 
ing  as  one  to  the  top  or  4th  box.  The  system  of  preparing 
the  lags  is  given  in  Table  XIII. 

182.  Construction  of  Shuttle-Box  Chains. — -To  construct 
a  shuttling- chain  it  is  necessary  to  ascertain  the  effect  of 
the  indicating  levers  for  the  boxes  and  the  picking.  These 
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in  Systems  A,  B,  and  C  for  a  four-box  motion  are  as 
follows : 

System  A.  (Hollingw  orth’s).  The  arrangement  of  levers 
for  picking  and  shuttling  is  : 

Lever  I  =  Picking  lever. 

Lever  II  =  Simple  lever  for  operating  boxes  on  the  right 
of  the  loom. 

Lever  III  =  Compound  lever  for  operating  boxes  on  the 
right  of  the  loom. 

Lever  IV  =  Compound  lever  for  operating  boxes  on  the 
left  of  the  loom. 


Fig.  2$7.  Hodgson’s  Shuttle-Box  Motion. 


Lever  V  =  Simple  lever  for  operating  boxes  on  the  left 
of  the  loom. 

The  effects  of  the  bowls  and  of  the  tubes  or  bushes  placed 
on  the  rods  of  the  chain  are : 

A  bowl  on  Section  1 ,  picks  from  left  to  right  and  a  tube 
from  right  to  left. 

A  bowl  on  Section  2 ,  lifts  from  the  1st  box  right  to  the 
2nd  box  right,  and  a  tube  lowers  from  2nd  right  to  1st 
right. 

A  bowl  on  Section  3,  lifts  from  the  1st  box  right  to  the 
3rd  box  right,  and  a  tube  lowers  from  3rd  right  to  1st 
right. 
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A  bowl  on  Section  4,  lifts  from  the  1st  box  left  to  the 
3rd  box  left,  and  a  tube  lowers  from  3rd  left  to  1st  left. 

A  bowl  on  Section  5,  lifts  from  the  1st  box  left  to  the 
2nd  box  left,  and  a  tube  lowers  from  2nd  left  to  1st  left. 


Left-hand  Loom — Dobby  End. 

Picking. 

Tlie  Bowl  or  Blank  for  Picking  is  nearest  to 
the  Loom  top-rail,  and  a  howl  always  repre¬ 
sents  a  pick  from  the  left-hand  side. 

Box-Bowls. 

The  two  rows  of  Bowls  or  Blanks  which 
are  next  to  the  picking  always  control  the 
right-hand  Boxes,  and  the  two  rows  of  Bowls 
or  Blanks  on  the  outside  always  control  the 
left- hand  Boxes,  no  matter  what  may  be  the 
hand  of  Loom. 


Chaining. 

The  Chaining  is  interchangeable  from  a 
right-hand  to  a  left-hand  Loom,  and  vice- 
versa  by  simply  inverting  it. 

Eight-hand  Loom — Bobby  End. 


Examples  op  Picking  and  Box  Chaining. 


Pick  from  1st  Box  r.-h.  side  to  1st  Box  l.-h.  side 


9  J 
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Fig.  287«.  Diagram  of  arrangement  of  Levers  in  Hodgson’s  Positive 
Shuttle-Box  Motion. 


Bowls  on  Sections  2  and  3,  lift  from  the  1st  box  right 
to  the  4th  box  right,  and  a  tube  lowers  from  4th  right  to 
1st  right. 
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Bowls  on  Sections  4  and  5,  lift  from  the  1st  box  left  to 
the  4th  box  left,  and  a  tube  lowers  from  4th  left  to  1st  left. 

System  B.  (Hodgson’s).  The  arrangement  of  levers  for 
picking  and  shuttling  is  diagramatically  indicated  in  Fig. 
287a. 


r= Connectors  for  Box  Levers. 

A,  A1  =  Vibrator  Levers. 
v1,  V2,  v3= Vibrator  Gears. 

C,  C2  =  Segment  Cylinders. 

B,  B1  =  Upright  Vibrator  Levers. 
L2  =  Sliuttle-Box  Lever. 


lt=Lock  Bar. 


D=Lock  Bar  Lever  under  resist¬ 
ance  of  s1. 

E= Lever  for  retaining  B,  B2  in  posi¬ 
tion  under  resistance  of  S2. 
s3= Resistance  Spring  on  Shuttle-Box 
Shaft. 

S4=Resistance  Spring  for  Box  Lever  L4, 
C.A.  =  Crank  Ann. 


In  System  C  (Hattersley’s)  the  possible  effects  of  the 
five  levers  are  as  follows : 

I  =  Right-hand  Loom ,  i.e Dobbie  on  the  right  side  of 
the  loom. 
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Lever  I  controls  the  picking,  a  peg  in  hole  1  of  the  lag 
picking  from  right  to  left. 

Lever  II  controls  the  3rd  box  Dobbie  end  =  right  hand 
side. 

Lever  III  controls  the  2nd  box  Dobbie  end  =  right  hand 
side. 

Lever  IY  controls  the  2nd  box  Driving  end  =  left  hand 
side. 

Lever  Y  controls  the  3rd  box  Driving  end  =  left  hand 
side. 

Levers  II  and  III  in  combination  control  the  4th  box 
Dobbie  end. 

Levers  IV  and  Y  in  combination  control  the  4th  box 
Driving  end. 

II  =  Right-hand  Loom ,  i.e.,  Dobbie  on  the  left  side  of  the 
loom. 

The  levers  have  a  like  control  but  the  picking  and 
shuttling  are  from  the  opposite  side  of  the  loom. 

WTien  constructing  a  shuttle-box  chain  it  is  necessary 
to  determine  the  exact  order  of  picking  or  shuttling.  For 
example,  taking  the  wefting  pattern  to  be  1  pick  black, 
1  pick  grey,  and  1  pick  white,  and  that  it  is  required  to 
bring  each  shuttle  in  succession  into  the  top  box  on  the 
right  side  of  the  going-part,  then  the  complete  order  of 
shuttling  would  be  that  indicated  in  Column  I,  Table  XIII. 
Columns  III  and  1Y  indicate  the  methods  of  making  the 
chains  for  the  three  systems  of  boxing  described. 

Circular  Box  Motions.— Sets  of  cards  are  used  in  this 
type  of  motion  for  actuating  the  boxes.  They  revolve 
over  a  cylinder,  which,  in  a  six-shuttle  loom,  makes  one- 
sixth  of  a  revolution  for  each  pick.  The  boxes  are  mounted 
on  a  circular  plate  from  which  project  as  many  shuttle- 
box  studs  as  there  are  possible  shuttles  usable.  Tavo 
upright  levers  engage  these  studs  and  impart  motion  to 
the  boxes.  A  hole  in  the  left  side  of  the  card  brings  the 
corresponding  upright  into  action,  while  a  hole  on  the 
right  side  of  the  card  brings  the  opposite  lever  into  action. 
In  the  ordinary  arrangements,  the  shuttle  boxes  are  on 
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The  methods  illustrated  of  drafting  the  picking  and  shuttling  chains  for  these  systems  are  applicable  to 

some  other  classes  of  box  motions. 
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one  end  of  the  going  part  only,  but  they  may  be  mounted 
at  both  ends,  and  be  single  or  “  skip-box  ’’  in  movement. 

This  class  of  shuttle-box  motion  is  principally  applied 
to  quick-running  looms,  and  is  well  adapted  to  the  pro¬ 
duction  of  light  fabrics  of  a  check  description,  such  as 
dress  stuffs,  shirtings,  and  costumes. 

183.  Weft  Forks. — The  weft  fork  motion  is  employed 
to  stop  the  loom,  when  the  weft  yarn  breaks,  without 
the  interference  of  the  weaver.  One  common  arrange¬ 
ment  for  this  purpose  is  shown  on  Fig.  289.  Here  E  is 
the  low  shaft  carrying  the  tumbler,  d.  The  object  is 
to  throw  handle,  b,  out  of  position.  Every  time  the 
weft  is  successfully  carried  across  the  piece  the  prongs 


of  the  fork,  f,  are  pressed  backward,  lifting  it  at  a,  and 
thus  causing  it  to  clear  the  projection  on  lever  c.  Should, 
however,  the  weft  break,  the  prongs  of  f  pass  between  the 
splits  of  the  reed  and  hence  the  fork  engages  a  on  the  top 
of  c.  As  the  tumbler  d  lifts  c  at  /,  each  time  the  low  shaft 
revolves,  it  presses  it  back  at  g;  so  that  if  f  is  engaged 
by  c  it  will  be  drawn  backward  by  this  lever,  and  a  will 
force  the  handle,  b,  off  the  catch  which  removes  the  strap 
from  the  fast  to  the  loose  pulley  of  the  loom. 

There  are  several  other  kinds  of  weft  fork  motions,  but 
the  one  described  (which  is  applied  to  the  tappet  and 
dandy  looms)  illustrates  the  principle  on  which  they  are 
constructed.  It  may  be  remarked,  however,  that  in  broad 
looms  the  fork  is  fixed  in  the  centre  of  the  race  of  the 
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going-part,  and  is  kept  above  the  warp  yarns  as  long 
as  the  wrnft  thread  continues  intact,  but  drops  into  a 
groove  in  the  race  on  the  weft  breaking,  and  so  brings 
the  contrivance  for  knocking  the  setting-on  handle  out  of 
gear. 

184.  Shuttle  Box  Pressure  Spring. — This  mechanism  is 
for  immediately  stopping  the  loom  when  the  shuttle  fails 
to  reach  its  proper  destination,  or  when  it  fails  to  “  box.” 
Unless  the  loom  were  quickly  brought  to  a  standstill 
under  such  a  contingency  very  considerable  damage  would 
necessarily  ensue.  In  the  illustration,  Fig.  290,  s  is  the 
“swell”  or  pressure  spring,  and  consists  generally  of  a 


strong  steel  spring,  e  the  stop-rod  linger,  and  b  the 
shuttle  box.  Now  when  the  shuttle  properly  enters  the 
box  the  swell,  by  pressing  e  back,  raises  it  at  d ,  and  so 
causes  it  to  clear  the  iron  projection,  «,  fixed  on  to  the 
loom  frame.  On  the  other  hand,  should  the  shuttle  only 
partially  enter  the  box  the  swell  not  being  pressed  out 
to  the  full  extent  the  finger  comes  against  a  and  stops  the 
loom. 

Another  arrangement,  applied  to  certain  improved  types 
of  looms,  consists  in  having  the  front  part  of  the  shuttle 
boxes  open  (Fig.  266)  and  constructing  the  same  in  two 
sections,  a  and  b.  Part  a  is  fixed  on  the  spindle  s,  and  is 
under  the  spring  5,  and  stop  lever  finger  f.  If  the  shuttle 
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does  not  enter  the  box  these  parts,  acting  in  conjunction, 
and  on  a  like  principle  to  those  in  Fig.  290,  bring  the  loom 
to  a  standstill. 

Rigid  or  Mechanical  Heald-shaft  Connections 

In  all  types  of  power  looms  the  use  of  a  flexible  heddle 
—in  whatever  form  of  shedding  employed — necessitates 
double  attachment  (unless  the  heddle  is  carried  in  a  rigid 
frame,  e.g.,  a  wire  heddle),  to  maintain  its  efficiency  in 
lifting  and  depressing  the  warp  threads. 

The  character  and  variety  of  these  in  both  tappet  and 
dobbie  mechanism  have  been  referred  to.  In  the  York¬ 
shire  tappet  loom  (Figs.  250  and  250a),  top  connections 
to  the  healds,  h1,  h2,  are  made  by  straps  and  cords  from 
the  levers,  m1  m2;  and  to  the  bottom  by  cords  c1  c2 
(Fig.  250 a),  or  by  straps,  etc.  (Figs.  251  and  269).  In 
the  Woodcroft  tappet  loom  top  connections  are  made  to 
the  heddles  h  (Fig.  253)  by  cords  d  and  e,  and  bottom 
connections  also  by  cords  to  levers  e,  which  b}^  a  similar  set 
of  cords  to  e  are  attached  to  the  lower  shafts  of  the  healds 
h.  This  is  the  scheme  of  flexible  connections  also  practised 
in  the  single-lift  dobbies  of  the  Keighley  or  Lancashire 
type  (Fig.  261),  but  under  motions  (Fig.  252)  are  em¬ 
ployed  for  depressing  the  healds  instead  of  the  sets  of 
levers  e  in  Fig.  253. 

For  the  ordinary  class  of  dobbie  used  in  the  weaving 
of  woollen,  worsted  and  union  fabrics,  to  provide  for  top 
and  bottom  control  by  flexible  means,  L-shaped  levers 
(e1,  e2,  Fig.  267),  are  essential  for  each  heald  shaft  or 
shedding  unit.  This  is  apparent  from  the  usual  system 
of  mounting  sketched  in  Fig.  269.  From  the  upper  arm 
of  one  of  these  levers,  for  example,  e1,  connection  is  made 
by  wires  and  straps  to  the  top  of  the  heald  shaft  n1;  and, 
from  the  lower  arm,  there  passes  down  the  end  of  the 
loom,  a  Avire  joined  to  a  strap  moving  in  a  grooved  pulley 
p3  near  the  bottom  of  the  loom,  which  strap  is  mounted 
with  a  second  wire  hooked  on  to  the  bottom  arm  of  a  bell- 
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crank  lever  j1  underneath  the  heald  shaft.  This  lever  is 
connected  by  a  third  wire  to  a  corresponding  lever  j3,  and 
the  horizontal  arms  of  both  these  depressing  levers  are 
finally  attached  to  the  bottom  of  the  heald  shaft  they  are 
mounted  to  control.  The  connections  thus  nearly  traverse 
the  entire  width  of  the  loom,  are  both  over  and  under  the 
heald  shafts,  and  extend  from  the  top  to  the  bottom  of  the 
loom  frame  work.  They  involve,  as  explained,  the  use  of 
upper  and  lower  sets  of  levers,  and  two  series  of  mechanical 
parts  and  connections,  which,  by  reason  of  being  flexible, 
necessitate,  under  working  conditions,  attention  and  ad¬ 
justment  to  effect  uniformity  of  movement  on  each  shed¬ 
ding  unit. 

This  is  the  system  of  heddle  control  which  Continental, 
American  and  British  loom  makers  have  sought  to  develop 
since  the  invention  of  the  power  loom. 

Rigid  shedding  mechanism  comes  within  three  categories 
relating  to : 

(a)  The  Healdless  loom,  or  shedding  on  the  going-part 

during  its  backward  and  forward  traverse. 

( b )  Shedding  in  Woodcroft,  Yorkshire  and  other  Tappet 

Looms  by  means  of  only  one  set  of  connections, 
either  upper  or  lower ,  between  the  Tappet  Levers 
and  the  Heald  Shafts. 

(c)  Shedding  in  single -,  or  in  double-action  dobbies  by 

means  of  one  series  of  connections,  either  upper  or 
lower ,  between  the  selecting  mechanism  and  the 
Heald  Shafts. 

185.  Shedding  on  the  Going-Part. — There  are  two  distinct 
and  original  features  in  this  system;  (1)  Shedding  is  done 
on  the  arc  of  a  circle,  that  is,  on  the  going  part  when  in 
operation;  and  (2)  the  shedding  units,  automatically  con¬ 
trolled  and  alternating  in  action,  are  fixed  on  to  the  race 
of  the  going  part.  These  form  principles  of  weaving 
mechanism  which,  in  construction  and  design,  are  a  new 
departure.  To  shed  on  the  going  part  requires  that  the 
weft  shall  be  beaten  up  by  the  reed  or  its  equivalent, 
which  must  also  be  instrumental  in  lifting  and  lowering  a 
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series  of  the  warp  threads,  other  series  being  controlled 
by  one  or  more  additional  shedding  units.  It  follows  that 
each  split  or  reed  in  the  former,  f  and  f1,  Fig.  291  (corre¬ 
sponding  to  heald  shafts)  are  specially  formed.  They  are 
stamped  with  an  eye  obliquely  shaped,  so  that  a  thread  of 
warp  may  be  conveniently  drawn  through,  but  the  edge  of 
the  reeds  when  beating  up  is,  as  in  ordinary  weaving,  at 
right  angles  to  the  weft  yarn. 

A  fundamental  principle  in  shedding  is  that  the  shed 
should  open  with  the  receding  motion  of  the  going  part, 


Fig.  291. 


Tappet  Motion  for  Shedding  on  the  Going-Part. 


A.  =  Grooved  cam. 

B.  =  Cam  lever. 

C.  C1  =  Sprocket  wheels. 

D.  =  Chain  drive  for  racks. 

E.  =  Racks. 


F.  F1  =  Shedding-units  on  going- 
part, 
s.  =  Shed. 

W.  R.  =  Warp  rest. 

W.B.  =  Warp  beam. 


reach  its  maximum  depth  for  picking  or  when  the  going  part 
is  at  the  end  of  its  backward  traverse,  and  be  fully  closed 
on  the  pick  having  been  forced  into  position  in  the  fabric. 
Cam  mechanism  renders  this  sequence  of  movements  feas¬ 
ible,  the  original  scheme  of  parts  utilized  in  the  invention 
being  sketched  in  Fig.  291.  It  is  a  combination  of  cam,  lever, 
chain  and  rack,  and  pinion  gearing.  The  vertical  section 
of  each  rack  is  mounted  with  a  heald  frame.  The  going- 
part — on  to  the  upright  lever  of  which  the  rack  mechanism 
is  fixed — is  operated  in  the  usual  manner.  Action  is  given 
to  the  shedding  units  f  f1,  by  the  grooved  cam  a,  fixed  on 
the  low  shaft,  b,  of  the  loom,  which  by  lever  connection 


458 


WOOLLEN  AND  WORSTED 


imparts  a  vertical  oscillating  movement  to  the  chain  passing 
round  the  rack  pinion,  and  the  sprocket  wheel  c  and  c1. 
Other  mechanical  means  have  been  employed,  such  as  that 
of  ordinary  tappets  and  levers,  for  operating  the  shedding 
units,  but  the  mechanical  combination  utilized  does  not 
affect  the  master  principle,  namely,  that  of  opening  ancl 
closing  the  warp  by  healcl  frames  working  immediately 
behind  and  attached  to  the  race  of  the  going  part. 

Clearly,  by  shedding  in  this  position,  a  reduction  is 
made  in  the  traverse  of  the  warp  threads  to  produce  a 
shed  of  the  required  size  for  the  passage  of  the  shuttle 
used.  By  the  ordinary  method,  the  shafts  are  placed 
at  a  working  distance  behind  the  going-part  and  operate 
in  a  vertical  plane;  and  the  greater  the  distance  of  the 
heddles  from  the  fell  of  the  cloth,  the  greater  the  displace¬ 
ment  of  the  warp  threads  in  shedding.  Hence  in  dobbie 
looms  mounted  with  a  series  of  24  to  36  shafts,  mechanical 
adjustments  are  provided  for  increasing  the  traverse  of 
each  shedding  unit  from  the  first  to  the  last  in  the  series. 
One  advantage,  therefore,  in  shedding  on  the  new  system, 
is  the  reduction  of  the  size  of  the  shed  by  nearly  one-half, 
and  relieving  thereby  the  strain  and  friction  on  the  warp 
yarns. 

Eour  features  of  this  system  of  shedding  are: 

(1)  The  removal  of  all  overhead  parts,  or  of  parts  of 

mechanism  above  the  heald  shafts,  so  that  the 
weaver  may  reach  the  warp  at  the  back  of  the 
shedding  unit  from  the  front  of  the  loom ;  and,  in 
addition,  all  the  warp  threads  are  visible  from  the 
reed  to  the  warp  rest. 

(2)  Simplicity  and  newness  of  mechanical  construction. 

(3)  A  change  in  the  design  and  character  of  the  loom. 

(4)  No  flexible  connections — such  as  cords  and  straps  as 

in  the  ordinary  tappet  looms— from  the  shedding 
levers  or  parts  to  the  shedding  units. 

186.  Mechanical  Heald-Shaft  Connections — Woodcroft 
Tappet  Loom. — -The  principle  of  shedding  by  mechanical 
connections  to  the  shafts  in  the  two  principal  types  of 
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tappet  looms  is  shown  in  Figs.  292  and  293.  The  system 
is  equally  applicable  to  looms  of  the  Woodcroft  and  York¬ 
shire  construction,  and  the  connections  maybe  made  either 
to  the  top  or  lower  portion  of  the  shedding  units. 

As  the  Woodcroft  is  the  older  principle  of  the  two,  the 
improved  scheme  of  shedding  as  adapted  to  its  mechanism 
will  first  be  explained.  Fig.  292  is  an  ordinary  Woodcroft 
motion  made  by  Platt  Bros.,  to  which  the  new  invention 
has  been  applied.  The  convenient  design  of  the  loom  will 
at  once  be  observed — the  usual  top  levers  (see  Fig.  253), 
and  their  accessory  parts  have,  by  this  improvement,  been 
removed.  There  are  no  cord  or  strap  connections  to  the 
upper  shafts  of  the  healds,  a  feature  which  entirely  clears 
.the  top  of  the  loom  framework,  and  affords  the  weaver 
ready  and  complete  access  to  the  stretch  of  warp  behind 
the  hedclles. 

The  tappet  treadles  a  a1 — which  are  retained  in  work¬ 
ing  contact  with  the  tappets  by  springs  s4 — are  connected 
by  rods /  (corresponding  to  the  cords,  Fig.  253),  to  levers 
e  e1,  which  by  the  system  of  simple  levers  (r1,  f  and  r2, 
Fig.  292a),  mechanically  control,  i.e .,  without  flexible  con¬ 
nections — the  up-and-down  traverse  of  the  heald  shafts. 

In  Fig.  292  the  tappets  are  fixed  as  in  the  ordinary 
class  of  looms,  namely,  at  right  angles  to  the  warp, 
but  a  more  convenient  working  position  and  one  which 
would  simplify  the  mechanism,  dispensing  with  a  set  of 
intermediate  levers,  is  that  sketched  in  Fig.  292 a.  The 
cam  path  d,  by  an  adjustable  section  not  shown  in  the 
drawing,  in  this  motion  is  rendered  continuous  or  equiva¬ 
lent  to  a  box  or  groove  cam,  so  that  it  secures  a  positive 
up  and  down  movement  to  the  levers  e.  Motion  is  derived 
from  shaft  a  (part  of  the  main  shaft),  carrying  bevel  wheel 
b,  which  by  a  train  of  wheels,  turns  the  tappet  wheel  c. 
The  friction  bowl  running  in  groove  d  transmits,  accord¬ 
ing  to  the  form  of  the  cams,  or  the  setting  of  the  “risers  ” 
and  “  sinkers  ”  a  highering  or  lowering  action  to  the  tappet 
or  treadle  lever  e,  secured  by  r1  to  levers  f,  and  they  in 
turn  to  the  bottom  of  the  shedding  units. 
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187.  Mechanical  Heald-Shaft  Connections — Yorkshire 
Tappet  System. — In  applying  the  principle  to  the  Yorkshire 
tappet  motion,  three  forms  of  mechanism  may  be  adopted  : 

I.  To  lift  or  depress  the  shafts  positively  by  one  set  of 
healcl-shaft  connections,  and  to  effect  the  reverse  of  either 
of  these  movements  by  a  tension  contrivance. 


Fig.  292.  Woodcroft  Tappet  Loom.  Mechanical  Heald  Shaft  Connections 
(corresponding  parts  lettered  the  same  as  Fig.  253). 


A,  A1  =  Tappet  Levers. 

E,  El  =  Bottom  Levers. 
t-  =  Tappet  Wheel. 

/=  Connecting  Rods  for  E,  e1. 

H1,  H"=Heddles. 
w.s.  =Warp  Shed. 

w.R.  =  Lever  for  operating  Warp  Rest. 


B= Picker. 

D= Picking  Arms. 

B.B.  =Breast  Beam. 

F.K.  =Priction  Roller. 
p.b.  =Piece  Beam. 

3  and  5  =  Setting-up  Wheels. 


II.  To  employ  two  series  of  tappets  operating  one  above 
the  other,  and  fixed  exactly  in  reverse  action  to  each  other, 
attaining  thereby  both  a  positive  lift  and  depression  of  the 
shedding  units. 

III.  To  mount  the  tappets  on  a  shaft  within  a  frame 
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slotted  at  the  ends,  and  to  which  a  sliding  up  and  down 
action  may  be  given  by  one  set  of  tappets  working  alter¬ 
nately  on  the  upper  and  lower  parts  of  the  frame. 

By  the  first  system  the  connections  to  the  heddles  may 
be  applied  to  either  the  top  or  bottom  position,  but  by  the 
second  system  it  is  preferable  to  limit  the  connections  to 
the  underneath  position  of  the  healcl  shafts. 

Fig.  293  illustrates  the  first  principle,  the  tappets  being 
fixed  within  the  loom  framework,  and  the  arrangement 
dispensing  with  square  or  rocking  shafts,  jack  and  half- 


Fig.  292a.  Woodcroft  Tappet  Motion,  Rigid  Shedding  Mechanism  and  the 
Tappets  operating  directly  on  the  Levers  at  the  bottom  of  the  Loom. 


moon  levers,  straps  and  cords,  necessary  in  shedding  with 
such  a  set  of  tappets  on  the  ordinary  system.  Here, 
motion  is  conveyed  direct  to  the  healds  by  mechanical 
and  rigid  parts  from  the  tappets.  On  the  low  shaft  of  the 
loom  is  fixed  wheel  b  meshing  with  c,  gearing  with  the 
change  wheel  for  driving  the  tappet  shaft.  The  tappets  are 
kept  in  contact  with  the  friction  bowls  of  the  treadles  by  a 
combination  of  levers,  metal  bands,  pulleys  and  spring  j, 
Fig.  293.  Levers  e  are  connected  by  rods  r  at  one  end 
to  the  bottom  portion  of  the  shafts,  and  at  the  opposite 
end  to  levers  f,  which,  when  operated,  induce  a  corre- 
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sponding  movement  of  the  healds  as  levers  e,  directly 
connected. 

In  the  drawing,  the  motion  is  shown  producing  a 
change  in  the  position  of  a  shedding  unit,  or  when  the 
tension  mechanism  is  at  the  point  of  depressing  a  treadle 
e,  that  is,  causing  it  to  act  in  uniformity  with  the  lowering 
section  of  the  cam  or  tappet. 

The  mechanical  power  of  this  type  of  cam  motion,  as 
ordinarily  used  and  applied,  only  provides  for  positive 
movement  in  one  direction  of  the  traverse  of  the  healds. 
To  render  the  system  compound  in  action,  two  sets  of 
tappets  are  necessary,  both  operating  on  the  same  series 
of  controlling  levers  but  in  reverse  ways.  This  form  of 
duplex  motion  is  shown  in  Fig.  293a,  System  II.  The 
two  sets  of  cams,  a,  are  mounted  in  a  bracket  or  Stand,  s. 
Working  between  them  is  a  pendant  frame  f,  receiving  the 
friction  bowl  b,  and  to  which  levers  l,  l1,  are  secured,  and 
these  fastened  at  the  opposite  ends  by  connectors  r  to 
the  heald  shafts.  Sections  e  of  the  frame  are  slotted  or 
grooved  so  that  it  may  operate  freely  up  or  down  as 
engaged  by  the  tappets  a.  The  cams  in  the  top  series,  a, 
lower  the  frame  and  propel  the  heald  shafts  upwards, 
while  those  in  the  bottom  series  lift  the  frame  and  thereby 
draw  the  heald  shafts  downwards.  In  this  manner,  the 
upper  and  lower  positions  of  the  warp  threads  in  shedding 
are  positively  and  automatically  attained. 

Another  device  for  producing  the  same  result  consists 
in  constructing  frame  f  as  in  Fig.  2936,  System  III.  Here 
when  the  cams  engage  b  they  lower  the  heddles,  but  when 
they  engage  b1  they  raise  the  heddles  through  the  levers 
l,  l1  and  their  connections.  The  tappets  are  mounted  on 
a  cross  shaft  driven  by  bevel  wheel  gearing  on  the  low 
or  tappet  shaft  ls,  to  which  motion  is  given  in  the 
ordinary  way. 

188.  Rigid  Heald-Shaft  Connections — Bobbie  Mechan¬ 
ism. — Mechanical  or  rigid  lieald-shaft  connections  may  be 
applied  to  dobbie  motions — single  or  double  action — as 
in  tappet  systems  of  shedding,  namely,  to  either  the  top 


Fig.  293.  Tappet  Shedding,  Rigid  Mechanism,  Tappets  centrally  mounted  and 
operating  in  combination  with  tension  device. 


Fig.  293«.  Tappet  Shedding,  Rigid  Mechanism.  Use  of  a  Pendant  Frame 
and  an  upper  and  a  lower  set  of  Tappets. 


L.S. 


FlG.  2936.  Tappet  Shedding,  Rigid  Mechanism.  Method  of  using  a 
Pendant  Frame  in  which  the  Tappets  operate. 
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or  bottom  of  the  heald  shafts.  Two  principles  of  applica¬ 
tion  will  be  described : 

I.  The  lever  clobbie — Hattersley’s  automatic  wefting 
loom — with  underneath  connections. 

II.  The  American  or  wheel  dobbie — Hodgson’s  24-shaft, 
4-shuttle  rising  box  motion,  double-warp  beam  loom — 
also  with  underneath  connections. 

The  principle  of  rigid  heald-shaft  connections  to  the 
top  of  the  shafts  is  applied  by  Hutchinson  and  Holling- 
worth  to  their  build  of  loom,  when  all  mechanical  parts, 
and  flexible  connections  from  these  to  the  bottom  of  the 
heald  shafts,  are  dispensed  with. 

I.  Lever  Dobbie.  Fig.  294  is  a  view  of  the  dobbie  end 
of  the  loom,  and  also  a  portion  of  the  heald  shafts  and 
heald  frame  carriers  hf  at  the  opposite  end  of  the  loom. 
It  will  be  noticed  how  the  design  and  construction  of  the 
loom  are  changed  by  the  removal  of  the  top  frame  work, 
and  all  upper  mechanism  and  strap,  cord,  and  other  con¬ 
nections  to  the  top  shafts  of  the  heddles ;  and  also  the 
freedom  of  access  for  the  weaver  to  the  warp  behind  the 
heald  shafts.  There  is  no  mechanism  or  gearing  project¬ 
ing  above  the  shafts,  h,  or  above  the  heald  frames,  h  f. 
These  frames,  as  seen,  are  carried  for  only  a  portion  of 
the  length  over  the  top  of  the  heddles,  where  they  are 
linked  to  the  latter.  Underneath,  they  are  rigidly  secured 
to  the  ordinary  depressing  levers  which  are  connected  by 
rods  r  to  the  bell  crank  levers  L1,  and  these  secured,  by 
vertical  rods,  r1,  to  levers  l2,  which  are  the  usual  heald- 
shaft  levers  of  the  dobbie,  but  with  the  upper  portion  of 
the  lever  at  point  a  removed.  This,  it  will  be  observed, 
simplifies  the  arrangement  of  the  dobbie,  taking  away 
motive  parts  and  gearing.  In  other  respects,  the  mechan¬ 
ism  for  selecting  purposes,  and  also  for  reversing,  lagging 
back,  and  levelling  the  shed  are  not  modified.  From 
which  it  will  be  understood  that  no  changes  are  necessary 
in  the  dobbie  or  in  the  loom,  with  the  exception  of  the 
method  of  rigid  connection  from  point  b  of  L2  to  levers  l1, 
and  the  system  of  connection  below  the  shafts.  To  apply 
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this  system  to  any  dobbie,  is  chiefly  the  elimination  of 
mechanism,  as  it  results  in  a  considerable  reduction  of  the 
means  of  linking  up  the  shafts  to  the  positive  controlling 
levers  of  the  dobbie. 


Fig.  294.  Hattersley’s  Angle  Lever  Dobbie,  mounted  with  Beaumont  and 
Hollis’s  mechanical  Heald-Shaft  connections  operating 
from  underneath  the  Shafts. 


h.k.  =  Heald-Shaft  Frames. 

H  =  Heald-Shaft. 

L  =  Dobbie  Driving  Lever. 
l'2  =  Dobbie  Levers. 


n,i  =  Rod  Connections. 
ld=Bell  Crank  Bottom  Levers. 
n=Rod  connections  from  L1  to  Levers 
underneath  the  Heald-Shafts. 


The  action  of  the  dobbie  thus  mounted  is  as  follows : 
When  levers  l2  are  lifted  at  point  b  by  the  dobbie,  they, 
by  rods  r1  raise  levers  l1  which  through  rods  r  and  levers 
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below  the  shafts  (not  shown)  depress  the  heald  frames  or 
carriers  and  the  shafts  with  which  they  are  mounted.  To 
lift  shafts,  levers  l2  are  depressed  at  b  by  the  dobbie  in 
the  usual  way,  forcing  down  levers  Ll  and  by  rods  r  and 
the  levers  to  which  they  are  connected,  raising  the  heald 
frames  h  f.  Positive  lifting  and  depression  of  the  shafts  is 
thus  effected  by  bottom  connections  only. 

The  same  positive  up-and-down  movement  may  be 
obtained  by  dispensing  with  arms  b  of  levers  l2  and  em¬ 
ploying  the  upper  portion  of  these  levers,  connected  by 
other  levers  and  rods,  rigidly  to  the  top  of  the  heald- 
s  hafts. 

II.  American  Dobbie  (Fig.  295).  To  understand  the 
change  which  this  principle  effects  in  wheel  dobbie  mechan¬ 
ism,  and  also  in  the  method  of  mounting  the  hecldles  it  is 
only  necessary  to  compare  briefly  Eigs.  266  and  295,  re¬ 
ferring  also  to  Fig.  269.  In  Fig.  266  the  heald-shaft  levers 
e1  and  e2,  possess  a  lower  and  an  upper  arm  a  and  b  ;  but  in 
Fig.  295  such  levers  have  only  the  single  arm  a.  Should 
upper  connections  be  made  rigidly  to  the  shafts  H,  then 
arm  a  of  levers  e1,  e2  would  be  used  in  combination  with 
rod  and  lever  connections,  in  which  case  arm  a,  rods  r1  and 
r2,  levers  l3,  and  two  pairs  of  levers  underneath  h  f  not 
visible  (corresponding  to  j1  and  P,  Fig.  269)  would  be 
removed.  Whether  top  or  bottom  mechanical  control  is 
established  between  levers  e  and  frames  h.f.,  one  set  of 
parts  is  rendered  unnecessary.  Upper  mechanical  con¬ 
nections  between  e1,  e2  (Fig.  269),  and  h1  h2  results  in  the 
removal  of  arm  a  of  levers  E1,  e2,  wires,  w,  and  straps, 
pulleys  P3,  rods  n1  and  bell  crank  levers  j1,  j2,  with  flexible 
attachments  c1 ;  and  lower  mechanical  connections  from 
arm  a  of  levers  e1,  e2  (Fig.  269)  to  the  shafts  u1,  h2  in 
dispensing  with  all  overhead  parts,  namely,  arm  b  of 
levers  e,  e1  and  pulleys  p1,  p2  and  straps,  cords  and  wires. 

As  mechanical  connections  are  more  permanent  than 
those  of  a  flexible  character,  when  once  adjusted  and 
fixed,  the  uniform  action  or  movement  of  the  heald-shafts 
is  effectually  secured,  whereas  flexible  connections  re- 
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quire  adjustment  and  regulation  from  time  to  time  to 
secure  uniformity  of  work  in  the  passage  of  the  heddles 
from  the  bottom  to  the  top  positions,  and  vice  versa. 


FlO.  295.  Hodgson’s  Wheel  Dobbie,  mounted  with  Beaumont  and  Hollis’s 
mechanical  Heald-Shaft  connections  operating 
from  underneath  the  Shafts. 


H  =  Healcl-Shaft  Carrier  or  Frame.  L=Bottom  Bell  Crank  Levers. 

E  =  Dobbie  Lever.  .  u-  =  Rod  Connections  from  Levers  L3  to  Levers 

n>= Rod  Connections.  "  underneath  the  Heald-Shaft. 


Automatic  Wefting 

To  obtain  an  automatic  supply  of  weft  yarn  to  the 
loom,  and  thereby  obviate  a  stoppage  of  the  loom  when 
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the  weft  thread  runs  out,  has  been  attained  on  three 
distinct  mechanical  principles,  namely: 

(1)  By  winding  the  weft  yarn  on  to  large-sized  bob¬ 

bins,  and  drawing  the  thread  from  these  by  the 
indicating  or  selecting  mechanism,  and  conveying 
the  weft  selected  by  a  small  carrier  across  the 
warp. 

(2)  By  ejecting  from  the  shuttle  a  spent  or  used  bobbin 

and  inserting  in  its  place  in  the  shuttle  a  full  or 
new  bobbin  from  a  magazine  fixed  over  one  of  the 
shuttle  boxes  of  the  shuttle  race. 

(3)  By  the  removal  from  one  of  the  shuttle  boxes,  a 

shuttle  from  which  the  weft  yarn  has  run  off,  and 
placing  in  the  shuttle  box  a  new  shuttle,  charged 
with  a  full  bobbin. 

The  circular  loom  should  be  mentioned,  for  by  its  con¬ 
struction  some  fourteen  or  more  shuttles  revolve  in  a 
circular  frame  of  the  loom,  the  warp  threads  being  divided 
to  allow  of  their  continual  movement,  and  the  number  and 
size  of  the  shuttles,  taking  a  fair-sized  bobbin  or  cop,  is 
such  as  to  acquire  practically  an  automatic  supply  of  weft. 
The  loom,  not  having  reached  commercial  success,  is 
chiefly  interesting  as  an  ingenious  means  of  attaining  an 
all  but  constant  “  weft  feed”  into  the  warp. 

System  I  was  attempted  by  a  clever  loom  mechanic, 
Bedford  of  Birstall,  and  the  loom  to  which  it  was  applied 
was  constructed  by  Sowden  of  Shipley.  Bedford  employed 
a  number  of  large  bobbins,  conveniently  placed  at  each 
side  of  the  going-part,  from  which  the  picks  of  weft  yarn 
Avere  drawn  separately,  or  shot  by  shot,  and  carried  by  a 
mechanical  conveyer,  not  much  larger  than  a  seAving- 
machine  shuttle,  from  list  to  list  of  the  piece.  The  prin¬ 
ciple  necessitated  the  use  of  selvedge  shears  or  cutters 
to  sever  the  picks,  and  the  use  of  a  selvedge  motion,  as  the 
type  of  mechanism  adopted  prevented  the  formation  of  an 
ordinary  list.  This  Avas  a  detriment  which  was  fatal  to 
success — both  manufacturer  and  merchant  demanding  a 
perfect  list  on  each  side  of  the  cloth.  Bedford  succeeded 
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in  controlling  the  selecting  device  from  lever  mechanism 
in  the  dobbie,  rendering  it  feasible  to  weave  plain,  and 
fairly  simple  patterns,  in  which  variety  of  weft  colouring 
was  essential. 


Fig.  296.  Northrop  Automatic  Weft  Motion  applied  to  a  Harness  Loom. 


m  =  Magazine. 

\v,  \v>  =  Bobbin  Holder. 
w-  =  Weft  Thread  Riin. 
H  =  Bobbin  Displacer. 
P.A.  =Picking  Arm. 

P= Picker. 


1  =  Friction  Roller  Wheel. 
2=Wheel  1  on  Shaft  of  F.  it. 
3  and  4  =  Chain  Wheels. 

F.R.  =  Friction  Roller. 
p.b.  =  Piece  Beam. 


Seton  laboured  on  similar  lines,  and  by  making  the 
conveyor  capable  of  collecting  a  length  of  yarn  .equal  to 
two  picks,  produced  a  satisfactory  selvedge  at  one  side  of 
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the  piece,  and  formed  the  second  selvedge  b}^  a  simple 
gauze  mounting.  Both  inventors  accomplished  the  weav¬ 
ing  of  a  piece  of  cloth  without  carrying  the  weft  yarn  on 
a  bobbin,  or  cop  in  a  shuttle,  and  this  implied  (1)  the 
removal'  of  the  strain  on  mechanical  parts  of  the  loom, 
necessarily  caused  by  the  driving  and  stopping  of  the 
shuttle  for  each  pick  of  weft  woven;  and  (2),  the  reduc¬ 
tion  of  friction  and  strain  on  the  warp  threads  necessary 
for  the  insertion  of  each  pick  of  weft  inserted  into  the 
warp  to  allow  of  the  passage  of  the  shuttle. 

189.  Northrop  Automatic  Weft  Motion. — This  is  a  bobbin¬ 
changing  mechanism.  The  work  to  be  accomplished  during 
the  running  of  the  loom  comprises;  (1)  the  bringing  into 
action  on  the  failure  of  the  weft  yarn  of  the  bobbin¬ 
changing  mechanism;  (2)  the  ejection  from  the  shuttle  of 
a  spent  or  used  bobbin,  and  insertion  in  its  place  of  a  full 
bobbin  ;  (3)  the  threading  of  the  shuttle;  and  (4)  the  dis¬ 
connection  of  the  changing  mechanism.  All  this  is  done 
in  a  moment  of  time.  Assuming  the  loom  to  have  a  run¬ 
ning  speed  of  120  picks  per  minute,  and  that  f  of  a  pick 
(i.e.,  §  of  the  time  occupied  to  make  one  revolution  of  the 
crank  or  main  shaft  of  the  loom),  are  allowed  from  the 
entrance  of  shuttle  into  the  box,  and  to  picking  taking 
place,  this  would  only  provide  a  fraction  of  a  second  for 
changing.  With  a  running  speed  of  180  to  200  picks  per 
minute,  the  time  possible  for  the  sequence  of  mechanical 
transitions  described  is  reduced  to  a  minimum,  yet  on 
cotton  looms,  weaving  plain  calico,  this  motion  is  em¬ 
ployed,  and  such  a  speed  maintained. 

Fig.  296  is  a  view  of  the  motion  applied  to  a  Jacquard 
or  harness  loom.  The  magazine  m  is  a  revolving  part,  the 
bobbins  b  being  fixed  between  w  and  w1.  The  threads  of 
Aveft  from  each  bobbin  are  separately  secured  in  points  of 
the  circumference  or  rim  of  w~.  The  Avhole  mechanism  is 
under  the  initiative  control  of  the  Aveft  fork  action  of  the 
loom.  When  the  running  off  of  the  weft  occurs,  and  the 
shuttle  reaches  the  magazine  end  of  the  going-part, 
the  hammer,  h,  forces  a  bobbin  from  m  on  to  the  top  of 
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the  bobbin  in  the  shuttle,  pressing  the  latter  out  of  the 
shuttle,  and  the  full  bobbin  into  its  place.  This  is  done 
as  the  going-part  travels  forward,  being  completely 
effected  by  the  time  the  sley  has  beaten  up  the  weft.  As 
the  going-part  recedes  from  the  fell  of  the  piece,  the 
thread  of  weft  of  the  new  bobbin  slips  into  the  angle 
groove  or  guide  of  the  shuttle,  being  held  in  a  suitable 
line  for  this  taking  place  by  being  fastened  in  the  rim, 
w2.  The  movement  of  the  shuttle,  by  the  picker  p,  com¬ 
pletes  the  threading  operation,  for  the  yarn  is  thereby 
at  once  drawn  into  the  eye  of  the  shuttle  as  the  latter  is 
forced  from  the  box. 

Simultaneously  with  the  rear  traverse  of  the  going 
part,  the  magazine  advances  one  section  of  a  revolution, 
bringing  another  bobbin  into  position,  and  also  all  the 
parts  of  the  mechanism  into  the  non-changing  relation. 

190.  Shuttle  Changing  Mechanism. — This  has  been  de¬ 
veloped  on  two  lines:  I.  By  effecting  the  change  without 
stopping  the  loom;  and,  II.  By  stopping  the  loom  auto¬ 
matically,  putting  the  changing  mechanism  into  and  out 
of  gear,  and  following  by  restarting  the  loom.  It  is  only 
possible  here  to  deal  with  the  latter  principle,  which  lias 
been  successfully  applied  to  wide  looms  for  weaving 
worsted  and  woollen  fabrics.  The  Hattersley  motion  has 
several  points  in  its  favour.  It  is  comparatively  simple  in 
construction,  governed  by  a  set  of  tappets,  and  operates 
smoothly  with  a  minimum  of  wear  and  tear  on  the  loom. 
As  in  the  Northrop,  the  action  of  the  changing  parts  is 
initiated  by  the  weft  fork.  Failure  of  the  weft  brings  the 
loom  to  a  standstill,  and  also  the  series  of  tappets  into 
motion  which,  first,  remove  the  front  face  of  the  shuttle 
box,  ejecting  at  the  same  time  the  shuttle  from  which  the 
weft  yarn  has  run  off ;  second,  place  in  the  box,  thus 
cleared,  from  the  vertical  shuttle  holder  a  charged  shuttle ; 
and,  third,  restart  the  loom.  These  changes  are  accom¬ 
plished  without  any  interference  on  the  part  of  the 
weaver,  her  work  consisting  in  keeping  the  shuttle 
magazine  supplied  with  shuttles. 
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Warp  stop  motions  are  applied  to  both  the  Northrop 
and  Hattersley  looms.  This  is  done  on  the  “  dropper  ” 
principle,  or  by  passing  each  thread  of  warp  through  a 
metal  part,  which,  so  long  as  the  warp  thread  remains 
unbroken,  is  suspended  thereon.  Its  breakage  allows  the 
dropper  to  fall,  which,  by  rod  and  lever  connections,  puts 
the  loom  out  of  action  In  the  Northrop,  the  healds  may 
be  constructed  to  act  as  droppers,  but  in  the  Hattersley 
they  are  independent  of  the  healds,  being  fixed  immedi¬ 
ately  in  front  of  the  warp  rests. 


CHAPTER  X 


WEAVE  COMBINATIONS:  DRAFTING 

191.  Weave  Combinations — 192.  Points  for  Consideration  in  Com¬ 
bining  Weaves — 193.  Fineness  of  the  Texture  a  Feature  for  Con¬ 
sideration — 194.  Weaves  Combined  should  be  equal  in  Wefting 
Capacity — 195.  Combination  Patterns  divisible  into  Four  Classes — 
196.  Diagonals — 197.  Uses  of  Drafting — 198.  Principle  of  Drafting 
— 199.  Method  of  Constructing  the  Drait — 200.  The  Drafting  of 
Complex  Designs — 201.  Figured  Pattern  Drafted — 202.  Principle 
of  Producing  Designs  in  a  given  Draft. 

191.  Weave  Combinations. — The  effects  resulting  from 
a  combination  of  weaves  form  the  next  step  in  textile 
designing  to  the  acquirement  of  a  knowledge  of  the 
structure  and  application  of  the  fundamental  crossings. 
Designs  worked  out  on  this  principle  comprise  a  consider¬ 
able  range  of  the  productions  of  the  loom.  In  textures 
made  of  one  shade  of  yarns,  or  piece-dyecl,  in  which  neat, 
simple  figured  patterns  are  required,  this  is  a  suitable 
scheme  of  designing.  Each  plan  of  crossing — twill,  mat, 
cord,  sateen,  etc. — giving  a  different  style  of  effect,  they 
add  character  to  the  compound  design  in  which  they 
severally  appear.  Stripe,  check,  diagonal,  and  elementary 
geometrical  forms  of  pattern  are  thus  devised,  which  are 
applicable  to  the  various  classes  of  fancy  woollens  and 
worsted  fabrics. 

192.  Points  for  Consideration  in  Combining  Weaves. — 
Two  important  features  need  attention  in  this  branch  of 
woven  design;  first,  the  style — i.e.  structure,  quality, 
yarns,  and  setting — of  the  fabric  to  be  woven  ;  and,  second, 
the  weaving  characteristics  of  the  weaves  to  be  combined. 
The  former  feature  should  be  taken  into  account  because, 
as  explained  in  Chapter  Y,  Paragraph  89  and  90,  there  are 
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certain  weaves  applicable  to  woollen  textures,  others  to 
worsted,  and  a  third  class  to  cotton,  silks,  and  linens. 
The  reason  for  all  classes  of  makes,  or  schemes  of  inter¬ 
texture,  not  being  suitable  for  every  kind  of  fabric  will  be 
understood  from  considering  weave  structure  and  emphasis 
in  relation  to  woollens  and  worsteds.  The  effect  of  a  simple 
crossing  is,  as  a  rule,  more  distinct  and  clearly  defined  in 
worsted  than  woollen  fabrics.  Hence  it  follows  that  com¬ 
pound  designs,  resulting  from  an  arrangement  of  several 
types  of  weaves,  cannot  be  satisfactorily  developed  in 
carded-  as  in  combed- yarn  textures.  When  selecting 
weaves,  therefore,  for  designs  for  woollen  cloths,  those 


B  A 


of  a  regular  or  uniform  structure,  even  if  approaching 
each  other  in  effect,  are  the  best  adapted  for  the  purpose. 
Weaves  more  diversified  in  construction  are,  on  the  other 
hand,  employed  in  compound  designs  for  worsted  fabrics. 
The  makes  combined  may  differ  from  each  other  in  the 
base  from  which  they  are  derived,  and  in  effect,  providing 
they  possess  similar  weaving  or  wefting  qualities. 

193.  Fineness  of  the  Texture  a  Feature  for  Consideration. 
-—The  fineness  of  the  texture  has  also  to  be  regarded 
when  constructing  a  design  composed  of  various  weaves. 
Generally,  the  smaller  the  diameter  of  the  yarns,  the 
larger  the  flushes  allowed  in  the  makes  employed,  or  the 
more  open  the  structure  of  the  weaves. 
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A  cloth  made  of  10-skein  yarn,  and  containing  24 
threads  and  picks  on  the  inch,  would  be  coarse  and  open 
in  construction  if  produced  in  a  twill ;  but,  if  woven  in 
the  plain  weave,  it  would  be  firm,  fast,  and  of  sound 
wearing  strength.  This  definitely  proves  that  weaves  of 
certain  structure  should  be  developed  in  yarns  of  suitable 
counts  or  thickness,  and  that  it  is  therefore  necessary  in 
selecting  weaves  for  compound  designs  to  consider  the 
fineness  of  the  fabric.  Table  XIV  gives  a  range  of 
standard  settings  for  weaves  of  a  definite  structure : 

TABLE  XIV 


Counts  of  Yarns  in  relation  to  Weaves  and  Setting 


Sizes  or 

Grists  of 
Yarns. 

Counts  of 
Reeds. 

1  Average 
warp 
flush  in 
weave. 

Maximum 
warp 
flush  in 
weave. 

Average 
weft 
flush  in 
weave. 

Maximum 
weft 
flush  in 
weave. 

s’ 

r 

10  skeins 

8’s  Reed  4’s 

2 

3 

2 

3 

a 

20  „ 

10’s  „ 

4’s 

2 

4 

2 

3 

§ 

20  „ 

12’s  „ 

4’s 

3 

5 

3 

4 

£ 

[ 

30  „ 

14’ s  „ 

4’s 

4 

6 

4 

6 

2-fold  30’s 

12’s  Reeds  4’s 

2 

3 

2 

3 

<-6 

CD 

2-fold  30’ s 

14’a  „ 

4’s 

3 

4 

3 

4 

GC  . 

Jh 

2-fold  40’s 

18’s  „ 

4’s  i 

3 

6 

3 

4 

O 

b* 

2-fold  50’s 

20’s  „ 

4’s 

4 

6 

4 

6 

> 

2-fold  100’s 

|  20’s  „ 

6’s 

6 

8 

6 

8 

194.  Weaves  Combined  should  be  equal  in  Wefting 
Capacity. — By  this  is  meant  that  under  the  same  con¬ 
ditions  as  to  counts,  setting,  and  tensioning  of  the  warp 
yarns,  the  weaves  combined  should  allow  of  a  similar 
number  of  threads  and  picks  per  inch  being  woven  into  the 
fabric.  In  this  characteristic  they  should  be  as  nearly  alike 
as  possible ;  if  not,  the  cloth  is  liable  to  be  uneven  and 
defective  in  appearance.  However  widely  weaves  may 
vary  in  structure — if  intended  to  be  part  of  one  and  the 
same  design — they  should  be  of  similar  wefting  capacity. 
The  importance  of  this  may  be  better  understood  by  refer¬ 
ring  to  Fig.  297.  This  is  a  sketch  of  the  interlacing  of 
the  warp  and  weft  yarns  in  a  stripe  fabric  consisting  of 
two  weaves.  The  threads  in  the  section  lettered  a  are 
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intersected  on  the  six-shaft  hopsack  principle,  while  those 
in  section  b  are  working  plain.  Now,  as  the  threads  of 
warp  and  weft  interweave  with  each  other  thrice  as  fre¬ 
quently  in  b  as  in  a,  it  will  be  evident  that  the  alternate 
crossing  of  the  yarns  will  have  a  tendency  to  prevent  the 
weft  threads  from  being  as  closely  pressed  against  each 
other  in  the  former  as  in  the  latter  stripe.  The  rule  is, 
the  more  frequently  the  warp  and  weft  yarns  cross  each 
other,  the  greater  the  difficulty  in  weaving  to  force  the 
picks  of  weft  in  contact.  On  the  other  hand,  the  more 
open  the  weave,  the  better  will  it  weft ,  that  is,  the  larger 
the  number  of  picks  of  a  given  counts  of  yarn  it  will  admit 
being  woven  per  inch  in  the  piece.  Hence,  as  three  threads 
of  warp  are  depressed  and  lifted  in  succession  in  Part  a, 


Fig.  298. 


Fig.  298a. 


this  portion  of  the  cloth  admits  of  the  welt  much  more 
freely  than  Part  b.  Necessarily,  the  broader  the  stripes 
the  more  apparent  does  this  defect  become,  resulting  in 
Section  b  being  cockled ,  and  forming  an  uneven-surfaced 
fabric.  Fast  and  open  weaves  should  rarely  be  combined, 
as  they  can  only  be  manipulated  with  difficulty.  (This 
rule  does  not  apply  to  cloths  in  which  the  warp  yarns  are 
sleyecl  variously  or  in  accordance  with  the  relative  wefting 
power  of  the  several  weaves.)  There  are  specimens  in 
which  the  intersections  may  be  varied  without  detriment 
to  the  regularity  of  the  fabric,  but  only  few,  and  these 
form  special  types  of  pattern.  For  example,  in  figured 
designs  and  diagonals,  where  the  various  parts  are  not 
continuous  from  one  end  of  the  piece  to  the  other,  but 
where  a  weave  is  simply  introduced  for  a  number  of 
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threads  and  picks  to  give  character  to  the  figure,  the 
diversity  of  interlacings  in  the  weaves  employed  is  some¬ 
times  very  large.  In  certain  classes  of  dress  fabrics  the 
design  is  formed  of  fairly  long  floats  of  warp  and  weft, 
although  such  a  fast  make  as  the  plain  is  used  for  the 
ground  of  the  fabric ;  but  in  these  the  figured  portion  of 
the  cloth  prevents  faulty  results  occurring  like  those 
pointed  out  in  reference  to  Fig.  297. 

195.  Combination  Patterns  divisible  into  Four  Classes. — 
The  effects  obtained  from  a  combination  of  weaves  may  be 
grouped  into  four  principal  classes,  namely :  Stripes, 
Checks,  Spotted  and  Figured  Patterns,  and  Diagonals. 
Illustrations  will  be  furnished  in  each  class.  The  striped 
patterns  are  the  simplest  to  construct.  They  are  obtained 
by  combining  a  certain  number  of  threads,  varying  accord¬ 


ing  to  the  size  of  the  design,  of  two  or  more  weaves. 
Thus,  in  Fig.  298,  which  is  a  simple  combination  of  this 
character,  suitable  either  for  fine  woollen  or  worsted 
trouserings,  only  two  weaves  have  been  employed.  Fig. 
298a  is  another  stripe  also  composed  of  two  varieties  of 
crossings.  The  section  in  [x]’s  is  a  j1  warp  cord,  and 
contrasts  effectively  with  the  double-twilled  character 
of  the  adjoining  weave.  Three  types  of  weave  effect  are 
combined  in  Fig.  299.  The  first  part,  a,  is  composed  of 
twilled  hopsack  ;  the  second  part,  B,  of  cassimere  twill 
running  to  the  right ;  and  the  third  part,  c,  of  the  same 
weave  twilling  to  the  left.  It  should  be  observed  that, 
the  makes  in  each  of  these  patterns  have  been  combined 
in  such  a  manner,  as  to  prevent  any  increase  in  the  flushes 
of  the  respective  weaves  in  those  positions  in  the  designs 
where  they  are  in  juxtaposition.  In  other  words,  the 
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makes,  in  each  stripe,  form  correct  junctions  or  joinings. 
The  matter  of  fitting  the  weaves  together  in  such  a  way  as 
the  joinings  cannot  be  distinguished  in  the  woven  fabric  is 
important.  The  makes  may  have  to  be  started  on  different 
threads  and  picks  before  a  satisfactory  joining  position 
can  be  formed.  As  an  example  of  weaves  of  this  class, 
examine  Fig.  299 a,  which,  although  but  a  stripe  of  two 
varieties  of  crossings,  yet  to  move  either  Part  a  or  n  one 
shoot  up  or  down,  or  one  thread  to  the  left  or  to  the 


D 


c 


B 


A 

FIG.  300. 


right,  would  produce  a  number  of  irregular  flushes  or 
floats  in  the  design,  such  as  would  make  a  defective  pattern. 
In  all  weave  combinations,  if  practicable,  increasing  the 
flushes  in  the  weaves  where  they  are  adjacent  in  the 
designs  should  be  avoided. 

Check  patterns  are  more  difficult  to  arrange  than  stripes. 
In  making  simple  striped  designs,  the  weaves  only  cut  each 
other  on  either  side,  but  in  checks  every  side  of  the  weave 
has  to  be  made  to  fit  neatly  and  perfectly  on  to  the  sides 
of  the  adjoining  weaves.  Thus,  in  Fig.  300,  which  is  an 
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example  of  the  effective  patterns  obtainable  by  reversing 
two  weaves,  the  parts  have  been  so  arranged  as  to  meet 
each  other  without  any  extra  floats,  or  increasing  the  size 
of  the  interlacings.  This  design  is  a  vesting  style,  and 
contains  four  varieties  of  effect  in  the  fabric ;  for  it  will 
be  noticed  that  although  Parts  a  and  d  are  formed  of 
the  same  weave,  yet  they  are  opposed  to  each  other  in 
twill,  giving,  therefore,  two  distinct  pattern  types.  The 
same  observation  applies  to  Sections  b  and  e. 

Other  examples  in  checking  are  illustrated  in  Figs. 


Fig.  301. 


Fig.  301a. 


301  to  307.  They  are  composed  of  four,  five,  and  six- 
shaft  weaves.  Briefly,  they  may  be  described  as  follows : 

Fig.  301.  twill  reversed  (Section  a)  combined  with 
-g--  mat. 

Fig.  301  a.  twill  (Section  a)  combined  with  warp 
and  weft  cords. 

Fio-.  302.  i>“  twill  and  mat  combination,  the  mat  form- 
ing  a  diamond  effect. 

Figs.  303,  304.  Overchecking  on  a  twill  ground  with 
elongated  warp  and  weft  mats.  Five,  six,  seven,  and 
eight-shaft  twills  are  similarly  used. 

Fig.  305.  Compound  of  5-end  mats,  and  5-end  twills. 

Fig.  306.  Fancy  checking  in  twill.  Other  standard 
twills  are  applied  to  similar  check  bases. 
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Fig.  307.  Check  consisting  of  ordinary  and  divided  mats, 
with  “  cutting  ”  or  overchecking  lines  marked  in  grey. 

Types  of  geometrical  pattern  obtainable  by  the  com¬ 
bination  of  elementary  weaves  are  illustrated  in  Figs.  308, 
309,  and  310.  In  Fig.  308,  the  warp  cord  and  ^  twill 
are  combined;  and  in  Fig.  310,  twill,  twill  doubled 
in  the  threads,  and  twill  doubled  in  the  picks.  Both 
are  constructed  on  weave  bases,  namely,  F  ig.  308  on  the 
base  of  Fig.  308a,  and  Fig.  310  on  the  base  of  Fig.  310a. 
Four  threads  and  four  picks  correspond  to  one  space  in 
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Fig.  303. 


the  base  weave  in  Fig.  308,  and  eight  threads  and  eight 
picks  to  one  space  in  the  base  weave  in  Fig.  310. 

In  Fig.  308  the  sections  marked  in  (x]’s  and  in  g’s  cor¬ 
respond  to  the  sections  in  grey  and  in  «’s  in  Fig.  308a; 
and  in  Fig.  310,  sections  in  b’s  to  those  in  a’s  in  Fig. 
310a,  and  those  in  grey  and  gfs  to  the  spaces  in  Q’s  in 
the  weave  “  motive.” 

Fig.  309  is  a  compound  of  warp  and  weft  cords,  a 
small  check  weave,  and  of  twill.  The  same  system 
of  grouping  the  respective  weaves  in  the  several  designs 
are  developed  in  weaves  occupying  a  larger  number  of 
threads  and  picks,  the  sections  being  correspondingly 
increased  in  size. 

196.  Diagonals. — Diagonals  are  a  form  of  elaborate 
twilled  pattern.  They  are  obtained,  firstly,  by  combining 
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in  sections  and  running  obliquely  a  number  of  weaves; 
secondly,  by  arranging  two  or  more  weaves  one-and-one, 


two-and-one,  and  variously  in  either  the  threads  or 
picks,  but  chiefly  in  the  first  order;  and,  third,  by  the  re¬ 
grouping  of  the  threads  or  picks  of  a  suitable  base  weave. 


Fig.  306. 


Fig.  307. 


Examples  in  Check  Design  in  Six-Shaft  Weaves. 


Fig.  308g. 


Fig.  3(19, 
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The  first  class  of  patterns  are  illustrated  in  the  following 
designs : 

Fig.  311.  Composed  of  and  T:t  twills  moving  in 
reverse  directions. 

Fig.  312.  Composed  of  twilled  mat  and  common  twill. 


Fig.  310. 


Fig. 


Fig.  313.  Composed  of  7-shaft  warp  sateen,  and  cork¬ 
screw  twill. 

Fig.  314.  Composed  of  warp  sateen,  9-shaf't  corkscrew, 
and  and  twills  making  angles  of  15°,  45°,  and  (>0°, 
and  moving  in  the  opposite  direction  to  the  angle  of  the 
diagonal  proper. 

Fig.  315.  Composed  of  5-shaft  mat,  sateen,  twill,  and  a 


I  .  Class  of  Diagonals. 
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derivative  of  ^  twill,  forming  rectangular  spaces,  which 
en  bloc  run  at  an  angle  of  45°. 

Fig.  316.  Composed  of  a  main  diagonal  developed  in 
floats  of  warp,  and  running  at  60  ;  and  of  intermediate 
spaces  developed  in  twill  to  the  left  and  ;i  1  twill  to 
the  right. 

Fig.  317.  Composed  of  derivatives  of  the  five-end 


Fig.  315. 


sateen,  forming  a  shaded  diagonal.  Seven  and  eight 
shaft  sateen  and  twills  are  also  used. 

'14ie  examples  given  of  the  second  class  comprise : 

Fig.  318.  Composed  of  and  twills  grouped  one- 
and-one. 

Fig.  319.  Composed  of  ^hd  ,, :1  twills  grouped  one- 
and  one. 

Fig.  320.  Composed  of  -,2~  and  2  2  2 1  twills  grouped 
one-and-one. 
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Eig.  321.  Composed  of  SA  and  twills  grouped  one- 
and-one. 

Fig.  322.  Composed  of  and  2  ~  twills  grouped  two- 
and-one. 


Fig.  316. 


Fig.  323.  Composed  of  ^  and  2--25  twills  grouped  two- 
and-one. 

Fig.  324.  Composed  of  .jA  and  twills  grouped 
one  thread  of  each  weave  in  succession. 
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Fig.  325.  Composed  of  and  a12~5  twills  grouped 

one  thread  of  each  weave  in  succession. 

Fig.  326.  Composed  of ,  ,t>f  and  twills  grouped 

one  thread  of  each  weave  in  succession. 

Diagonals  of  the  third  type  also  form  an  important 
variety  of  textile  design,  being  regular  in  construction, 
and  diversified  in  the  effects  they  contain.  The  examples 


Fig.  317.  Shaded  Diagonal. 

in  Figs.  327,  328,  323,  and  330  are  derived  from  weave 
bases  occupying  327a,  328a,  329a,  and  330a. 

197.  Uses  of  Drafting. — It  has  been  pointed  out  how 
complex  designs  maybe  formed  by  combining  simple  plans 
of  intertexture,  and  it  remains  to  explain  the  manner  in 
which  these  designs,  after  having  been  arranged  on  point 
paper,  are  reducible,  in  many  cases,  to  such  an  extent  as 
to  render  it  possible  to  weave  them  in  the  ordinary  dobbie 
machines  used  in  both  hand  and  power-loom  weaving.  As 
the  capacity  of  such  shedding  motions  ranges  from  12  to 


Fig.  320. 


Fig.  321. 


Fig.  319. 

II.  Class  of  Diagonals  (Sections  only). 


Fig.  324. 


Fig.  326. 


II.  Class  of  Diagonals  (Sections  only). 


Fig.  325 


Fig.  323. 


III.  Class  of  Diagonals.  Fig.  3‘28«. 


Fig.  329.  (.Design  complete  on  72  threads.)  Fig.  329a. 

III.  Class  of  Diagonals. 
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36  shafts,  so  that  any  design  occupying  more  than  this 
number  of  threads  could  not  be  produced  in  looms  of  this 
construction  unless  reducible  to  a  smaller  number  of  shed¬ 
ding  units;  for  it  has  already  been  explained  that  each 
thread  in  any  weave  or  design  represents  a  heald  shaft  in 
the  loom.  On  this  principle,  therefore,  a  64-thread  design 
would,  in  a  dobbie  machine,  necessitate  the  emplojonent 
of  64  heddles,  that  is  an  impracticable  weaving  number. 

Drafting  is  the  method  of  reducing  a  design  to  its  mini- 
mum  number  of  heald  shafts.  In  some  compound  patterns, 


more  especially  those  obtained  from  combining  a  variety 
of  small  weaves,  it  not  unfrequently  happens  that  the 
same  design  contains  several  threads  which  have  precisely 
the  same  movements  in  the  weaving  of  the  fabric;  in  other 
words,  certain  integral  parts  of  the  pattern  have  a  similar 
formation  system  of  warp  and  weft  interlacings.  Now 
drafting  makes  it  possible  to  dispense  with  all  the  repeats 
of  any  particular  section  or  sections,  and  hence  if  a  design 
occupies  192  threads,  but  only  contains  eight  different  or 
individual  threads,  it  could,  according  to  this  system,  be 
woven  on  eight  shafts ;  for,  after  having  been  drafted,  the 
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latter  threads  would  only  be  required  for  what  is  called 
the  weaving  or  reduced  plan. 

198.  Principle  of  Drafting. — Fig.  331  is  a  plan  occupy¬ 
ing  sixteen  threads,  but  if  drafted  it  maybe  woven  on  two 
shafts.  This  shows  that  only  such  threads  in  a  design  as 
work  differently  from  each  other  require  separate  heddles. 
Hence,  no  matter  how  many  threads  a  weave  may  occupy 
on  point  paper,  it  may  be  produced  on  a  number  of  shafts 
which  corresponds  to  the  number  of  individual  u  thread  ” 
changes  it  contains  in  the  warp.  Here  will  be  found  the  rea¬ 
son  why  it  is  possible  to  weave  the  16-thread  design  given 
in  Fig.  331  on  two  shafts.  Thus,  on  analysis,  this  weave 
is  a  combination  of  the  two  threads  lettered  a  and  b ,  the 


remaining  threads  in  the  design  being  repeats  of  these  ; 
thus  threads  1,  3,  4,  5,  6,  8,  10,  and  15,  are  all  similar 
in  arrangement  to  thread  a;  and  2,  7,  9,  11,  12,  13,  14, 
and  16,  are  all  exactly  like  thread  b.  It  must  not  be 
supposed,  however,  that  if  the  two  threads  in  Fig.  333 
were  taken  and  applied  to  the  loom  that  they  would, 
without  any  special  mode  of  heal  ding  being  adopted, 
produce  the  design  in  the  cloth  which  they  have,  in  Fig. 
331,  been  made  to  form.  The  weave  under  consideration 
occupies  16  threads  on  the  point  paper,  and  hence,  to  re¬ 
produce  it  in  the  woven  fabric,  this  number  of  threads,  in 
the  precise  order  in  which  they  are  here  mapped  out,  must 
be  allotted  to  it  in  the  loom.  Such  conditions  are,  for  ob¬ 
vious  reasons,  absolutely  essential  to  the  production  of  any 


496 


WOOLLEN  AND  WORSTED 


woven  effect.  From  which  it  is  evident  that  the  reduced 
plan,  Fig.  333,  must  be  accompanied  by  some  adjunct  or 
other  which  will  increase  it  to  the  required  dimensions 
during  the  weaving  process. 

199.  Method  of  Constructing  the  Draft. — The  arrange¬ 
ment  for  the  proper  completion  of  a  design,  when  such  a 
reduced  plan  is  employed,  is  termed  the  liealding  draft. 
What  has  now  to  be  devised,  then,  is  the  method  of  enter¬ 
ing  the  warp  threads  into  the  heald-shafts,  which  will  so 
modify  Fig.  333  during  the  operations  of  the  loom,  as  to 
transform  it  into  the  design  given  in  Fig.  331  in  the  woven 
texture.  The  draft  required  can  be  obtained  as  follows : 
First  examine  the  design  with  the  object  of  ascertaining 
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which  threads  correspond  to  each  other  in  arrangement; 
these  should  be  lettered  the  same  (see  Fig.  331).  Here, 
as  Thread  3  is  a  repetition  of  Thread  1,  it  is  lettered  a, 
while  Thread  7,  which  is  marked  in  the  same  manner  as 
Thread  2,  is  lettered  b,  and  so  on  throughout  the  design. 
This  process  gives  the  number  of  individual  threads  the 
design  contains,  or  the  number  of  shafts  required  to  weave 
it,  which,  in  this  case,  is  only  two. 

The  healding  draft  proper  may  be  constructed  from  the 
letters  arranged  on  the  threads  of  the  design.  The  hori¬ 
zontal  lines,  a  and  b,  Fig.  332,  represent  the  hcddles 
required,  or  the  two  distinct  classes  of  threads  in  Fig.  331, 
while  the  perpendicular  lines  correspond  to  the  sixteen 
threads  in  the  design.  The  first  thread  being  lettered  a  it 
is  placed  on  shaft  a,  and  the  second  thread,  for  a  similar 


DRAFTING 


497 


reason,  is  placed  on  shaft  b;  so  that  the  letters  on  the 
threads  in  the  design  indicate  the  shafts  on  which  they 
have  to  be  individually  drawn  in  preparing  the  draft. 

One  important  feature  about  the  healding  plan  thus 
formed,  is  that  the  threads  have  been  dealt  with  exactly  in 
the  order  in  which  they  succeed  each  other  in  the  design. 
Providing  this  order  were  not  adhered  to,  the  draft  could 
not  perform  the  functions  for  which  it  is  employed.  Now, 
when  the  heddles  have  been  charged  with  the  warp 
threads  on  the  system  indicated  in  Fig.  332,  they  would, 
if  elevated  and  depressed  according  to  the  reduced  weave 
or  plan,  Fig.  333,  produce  the  original  pattern.  In  order 
that  this  may  be  clearly  understood  let  an  analysis  be 
made  of  the  effect  of  Draft  332  on  this  reduced  crossing. 
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Fig.  334. 


Shaft  a,  it  will  be  noticed,  carries  the  following  threads, 
1,  3,  4,  5,  6,  8,  10  and  15,  and  the  second  shaft  carries 
threads  2,  7,  9,  11,  12,  13,  14  and  1(5;  so  that  if  the 
former  heddle  were  depressed,  and  the  latter  heddle  raised 
according  to  the  first  pick  of  the  pegging  plan,  the  shed 
formed  would  be  exactly  the  same  as  that  of  pick  No.  1 
of  Fig.  331,  for  in  such  a  case  the  first  series  of  threads 
would  be  down  and  the  latter  series  raised.  The  second 
pick  in  the  design  being  the  opposite  of  the  first  it  can 
readily  be  obtained  by  reversing  the  shed.  As  the  re¬ 
maining  shoots  are  but  repeats  in  a  different  order  of 
the  first  and  second,  the  reader  will  be  able  to  trace 
for  himself  the  manner  in  which  the  reduced  or  working 
plan  and  draft  combined  actually  reconstruct  the  design 
from  which  they  have  been  deduced. 

K  Iv 
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200.  The  Drafting  of  Complex  Designs. — The  extent 
to  which  some  classes  of  patterns  are  reducible  may  be 
illustrated  by  a  consideration  of  Fig.  334.  It  will  be  seen 
that  it  occupies  64  threads,  and  is  composed  of  four 
separate  stripes,  a,  b,  c,  and  d.  Each  of  these  sections 
produces  a  distinct  effect  in  the  woven  fabric.  The  char¬ 
acter  of  the  pattern  may  be  briefly  described  as  follows: 

a,  a  stripe  of  16  threads  of  buckskin  twill  running  to 
the  right. 

b,  a  stripe,  of  8  threads  of  buckskin  twill  running  to  the 
left. 

c,  a  stripe  of  16  threads  of  buckskin  twill  running  to 
the  right. 


Fig.  335. 

d,  a  stripe  of  24  threads  of  ordinary  twill  running  to 
the  left. 

On  examining  the  pattern  and  lettering  of  the  different 
threads  in  the  order  of  sequence,  it  is  found  that  the 
whole  results  from  eight  sets  of  changes.  Sections  b 
and  d  are  composed  of  the  same  threads  as  Sections  a 
and  c,  but  arranged  on  different  systems.  As  the  latter 
sections  are  obtained  from  the  first  eight  threads  in  the 
example,  only  this  number  of  shafts  will  be  needed  in 
weaving  the  design.  These  are  represented  in  the  draft, 
Fig.  335,  by  the  lines  from  a  to  h  inclusive.  The  method 
on  which  the  threads  are  entered  into  the  healds  of 
the  shafts  may  be  traced  by  comparing  the  numerals  on 
the  threads  in  the  draft  with  those  in  the  design.  As  the 
reduced  plan  to  any  drafted  pattern  consists  of  one  of  each 
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sort  of  threads  the  complete  design  contains,  arranged  in 
consecutive  order,  in  this  example  it  will  be  represented 
by  the  eight  threads  in  Fig.  336. 

The  design  given  under  Fig.  337  is  drafted  on  a  similar 
principle  to  that  just  considered,  but  as  it  counts  of  a 


A  B 

Fig.  337. 


different  number  of  threads  and  types  of  crossings,  it 
may  be  briefly  referred  to.  Section  a  is  composed  of  an 
ordinary  twilled  weave,  while  the  plan  of  intertexture  in 
b  produces  a  crape  weave.  The  design  contains  ten 
varieties  of  threads,  all  of  which  are  included  in  the  first 
ten  threads  of  Part  a.  The  draft  and  reduced  plan,  Figs. 


Fig.  338. 


338  and  339,  being  obtained  in  the  same  manner  as  those 
of  the  preceding  examples,  it  is  not  necessary  to  explain 
them  in  detail. 

201.  Figured  Pattern  Drafted. — The  last  two  examples 
are  both  of  a  striped  class,  but  a  design  arranged  upon  a 
weave  or  geometrical  base  may  next  be  analysed ;  it  is 
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given  in  Fig.  340,  and  is  weavable  on  16  shafts.  It  illus- 

O  O  ' 

trates  the  variety  of  changes  which,  by  drafting,  may  be 
produced  on  a  limited  number  of  healds.  The  pattern  is 
composed  of  four  parts,  a,  b,  c,  and  d,  each  of  which  is 
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Fig.  340. 


workable  on  four  healds.  The  only  difference  between 
these  parts  and  a1,  b1,  c1,  and  Dl  is  in  the  twill  of  the 
weaves.  Not  only  is  it  a  useful  example  on  account  of 
the  di  versity  of  pattern  developed  on  such  a  small  number 
of  shafts;  hut,  also,  on  account  of  the  manner  in  which 
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the  weaves  have  been  combined,  four  varieties  of  weave 
being  produced  in  the  woven  fabric  by  running  each  of 
the  twills  in  two  directions.  The  principle  on  which  the 
draft  and  weaving  plan,  Figs.  341  and  342,  have  been 
constructed  is  evident  from  the  letters  placed  on  the 
threads  of  design,  draft,  and  working  plan,  for  these  in 
each  instance  relate  to  the  same  threads. 

202.  Principle  of  Producing  Designs  in  a  Given  Draft. 

—There  is  still  another  branch  of  this  subject  which 
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Fig.  341. 


requires  attention.  It  is  this:  the  principle  of  varying  the 
weave  effect  without  necessitating  a  re-drawing  of  the  warp 
when  a  compound  draft  has  been  adopted  in  healding. 
That  there  is  some  readjustment  necessary,  in  accomplish¬ 
ing  this,  will  be  understood  from  the  fact  that  a  considerable 
proportion  of  the  threads  in  a  drafted  pattern  have  their 
positions  assigned  to  them  in  the  woven  fabric  by  the 
healding  plan.  Thus  in  Fig.  340,  three-fourths  are  formed 
in  the  texture,  when  the  reduced  plan  is  employed,  by  the 
draft.  It  will  be  clear,  therefore,  that  unless  the  healding 
plan  in  such  cases  is  taken  into  consideration,  the  woven 
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results  will  be  unsatisfactory.  A  primary  element  to  be 
adhered  to  is  the  order  in  which  the  threads  are  arranged, 
in  3’s,  4’s,  6’s,  etc.  In  draft  Fig.  341  they  move  in 
4’s,  hence  any  weave  occupying  this  number  of  threads 

might  be  employed  without  producing 
an  irregular  or  a  broken  pattern;  the 
effect  of  6-shaft  weaves,  on  the  con¬ 
trary,  would  be  completely  destroyed. 
Four-shaft  weaves  in  this  draft  would 
undergo  one  modification,  arising  from 
the  order  of  the  healding  in  the  latter 
four  sections  being  the  reverse  of  the 
order  adopted  in  portions  a,  b,  c,  and 
d.  If,  for  example,  the  cassimere  twill 
were  applied  to  the  loom  after  it  had 
been  mounted  with  sixteen  heddles  and 
healded  as  indicated  in  Fig.  341,  it 
would  be  transformed  into  an  angle 
stripe,  32  threads  twilling  to  the  left 
and  32  threads  twilling  to  the  right. 

The  method  of  obtaining  a  check 
design  in  a  draft  of  this  kind  is  inter- 
esting.  Fig.  343  is  a  sketch  of  such 
a  pattern  which  it  is  required  to  weave 
in  this  scheme  of  healding  (Fig.  341). 
Each  thread  in  the  sketch  represents 
eight  threads  in  the  draft.  Parts  a — 
the  thread  marked  in  a’s — should,  in 
the  design,  be  formed  of  the  mat, 
the  blank  spaces  of  cassimere  twill  and 
the  spaces  marked  in  ^’s  of  the  same 
weave  twilled  in  the  opposite  direction. 
To  proceed  with  the  construction  of  the 
design,  fill  in  eight  threads  and  sixty-four  picks  on  the 
point  paper  with  mat,  corresponding  to  Section  a  of  this 
figure.  According  to  the  draft,  the  same  section,  in  a 
slightly  altered  form,  is  repeated  on  the  threads  repre¬ 
sented  by  a1.  By  following  out  this  arrangement,  two 
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stripes,  with  tliirty-two  threads  between  them  on  one  side 
and  sixteen  threads  between  them  on  the  other  side, 
would  be  formed.  In  order  to  obtain  the  required  check 
effect  it  is  only  necessary  to  cross  them  at  right  angles 
with  corresponding  stripes,  that  is,  by  filling  in  the  sec¬ 
tions  represented  by  d  and  d1.  The  outline  of  the  pattern 
having  thus  been  completed,  the  next  work  consists  in 


Fig.  343. 

adding  the  detail.  The  sections  should  be  dealt  with  in 
the  order  in  which  they  occur  in  the  draft.  Parts  b,  c, 
and  d  might  all  be  differently  formed  if  it  were  thought 
fit,  as  they  are  drawn  on  separate  sets  of  healds  in  the 
draft.  The  remainder  of  the  pattern  would  require  to  be 
completed  thread  for  thread  from  the  healding  plan. 

A  variety  of  both  striped  and  figured  patterns  may  also 
be  formed  in  the  same  draft,  but  this  illustration  shows 
the  principles  on  which  this  class  of  pattern  is  constructed. 
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PATTERN  DESIGN 

203.  Weave  in  Relation  to  Coloured  Patterns — 204.  Effect  of  Warping 
and  Wefting  on  the  Plain  Weave — 205.  Hairline  Stripes  in  the 
Plain  Weave — 206.  Hairline  Stripe  of  Three  Colours — 207.  Hair¬ 
line  Effects  in  Checks  and  Fancy  Designs — 208.  Hairline  Stripe  of 
Pour  Colours — 209.  Striped  Patterns  in  Mat  and  other  Weaves — 
210.  Patterns  in  the  Plain  Weave — 211.  Checks  in  the  Plain  Weave 
— 212.  Twilled  and  Fancy  Patterns  in  the  Plain  Weave — 213.  Mix¬ 
tures  in  Plain  and  Mat  Weaves. 

203.  Weave  in  relation  to  Coloured  Patterns. — The  prin¬ 
ciples  of  textile  design  considered  have  related  chiefly  to 
the  effects  obtained  by  interlacing,  after  different  schemes 
of  weaving,  threads  of  warp  and  weft  of  a  similar  shade  to¬ 
gether.  The  method  of  constructing  pattern  by  employing 
a  variety  of  yarns  in  one  weave  will  now  be  examined. 
Weave  in  such  fabrics  is  in  a  sense  an  element  of 
secondary  value,  the  design — whether  striped,  checked,  or 
spotted  in  character— resulting  mainly  from  the  method  of 
arranging  yarns  of  different  colours  in  the  warp  and  weft. 
Scotch  tweeds  are  typical  of  this  class  of  textile  pattern. 
Weave  in  such  fabrics  is  only  useful  so  far  as  it  gives  a 
firm,  well-built  texture,  and  enhances  the  effect  resulting 
from  a  blending  of  coloured  threads.  Designs  of  a  weave 
description  are  only  applied  to  a  limited  extent  to  patterns 
of  this  character.  Thus  the  weaves  used  in  the  manufac¬ 
ture  of  fancy  tweeds  are  of  the  simplest  construction, 
comprising  the  plain,  the  mat,  and  the  ^  ^  anc] 

twills;  also  the  mayo,  eight-heald  twilled  hopsack  or 
Celtic,  and  other  regular  crossings.  W oollen  tweeds  may  be 

1  See  “  Colour  in  Woven  Design,”  by  the  same  author. 

5°4 


PATTERN  DESIGN 


505 


manufactured  as  regards  weave  with  as  little  difficulty  as 
any  class  of  fabrics.  In  the  worsted  trade  it  is  somewhat 
different;  weave  here  is  an  important  feature  of  the  pat¬ 
tern  acquired  as  well  as  colour,  necessitating  the  use  of 
various  crossings,  occupying  from  two  to  thirty-six  shafts. 
From  this  it  is  evident  that  the  effect  of  weave,  and  of  its 
applicability  to  pattern  mainly  due  to  a  combination  of 
coloured  yarns,  are  subjects  for  study  in  designing  for 
“  fancy”  worsteds.  In  woollen  fabrics,  however,  the  art  of 
producing  this  class  of  pattern  consists  chiefly  in  a  proper 
selection  and  blending  of  shades. 

One  of  the  distinguishing  characteristics  of  patterns 
formed  by  methods  of  warping  and  wefting  is  neatness 
combined  with  simplicity.  This  arises  from  employing 
elementary  crossings  or  weaves  in  the  build  of  the  cloths, 
for  such  weaves  not  only  assist  in  the  formation  of  a  neat 
effect,  but  also  construct  a  good  foundation  for  the  applica¬ 
tion  of  colour.  To  suitably  develop  the  shades  used  in  the 
warp  and  weft,  an  even  texture  is  essential,  and  this  can 
be  most  readily  secured  by  employing  an  elementary 
weave.  Compound-weave  designs  are  more  difficult  to 
treat  satisfactorily  with  coloured  yarns  than  an  ordinary 
twill  or  hopsack  make.  Then,  as  a  rule,  the  simpler  the 
crossing  the  firmer  and  more  durable  the  woven  fabric ; 
so  that  there  are  several  causes  why  pattern  development, 
more  especially  in  woollen  tweeds,  is  mainly  confined  to 
standard  weaves. 

Necessarily,  some  styles  of  coloured  patterns  are  more 
suitably  produced  in  one  class  of  weave  than  another; 
thus  a  large  diversity  of  stripes,  checks,  and  mixtures 
may  be  woven  in  both  the  four  and  six-shaft  twills,  but 
to  make  a  hairline  stripe,  the  plain  weave,  the  prunelle 
twill,  or  the  broken  swansdown  are  essential.  As  a  rule, 
the  ordinary  styles  of  checked  and  striped  effects  are 
formed  in  twills  and  mats  and  in  weaves  in  which  the 
intersections  of  warp  and  weft  are  about  equal,  but  other 
types  of  coloured  patterns  are  only  obtainable  by  using 
weaves  of  different  structures. 
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204.  Effect  of  Warping  and  Wefting  on  the  Plain 
Weave. — A  Icav  patterns,  resulting  from  employing  a 
simple  arrangement  of  coloured  threads  in  the  warp  and 
weft  of  a  plain  cloth,  are  sketched  in  Figs.  344,  345,  356, 
357,  and  358. 

It  Avill  at  once  be  understood  that  a  series  of  black  and 
AvOiite  checks  Avould  result  from  using  a  A\diite  warp  and 
black  Aveft  in  Aveaving  a  plain  fabric — the  alternate  cross¬ 
ing  of  these  tAvo  opposite  shades  giving  the  diapered  or 
checked  effect  in  Fig.  344.  A  simple  development  of  this 
scheme  of  colouring  is  sketched  in  Fig.  345.  The  warp 
for  the  three  sections,  a,  5,  and  c  is  arranged  one  thread 
black  and  one  thread  Avhite  alternately,  the  order  of 
Avefting  being,  hoAvever,  different  in  each  stripe.  Thus  in 
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Fig.  344. 
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section  a  the  weft  is  the  same  as  the  Avarp;  in  section  5, 
black;  and  in  section  c,  Avhite.  The  effect  of  the  black  Aveft 
is  to  form  a  solid  black  line  adjoining  a  broken  Avhite 
line,  and  the  effect  of  the  Avhite  weft  to  form  a  solid  A\Thite 
line  adjoining  a  broken  black  line  ;  slioAving  that  aAmriety 
of  patterns  may  sometimes  be  originated  from  interlacing 
one  arrangement  of  Avarp  yarns  Avith  distinct  systems  of 
Avefting. 

O 

The  same  example  may  also  lie  employed  to  demonstrate 
the  effect  of  different  methods  of  warping  on  one  order  of 
Avefting.  Supposing  the  sketch  represents  a  fabric  in  Avhich 
a  is  Avarped  one  thread  black  and  one  thread  Avhite;  h 
black,  and  c  white;  the  Aveft  for  each  stripe  to  be  one 
pick  black  and  one  pick  Avhite  alternately;  then  precisely 
the  same  results  Avould  be  obtained  as  just  described; 
from  which  it  is  clear  that  the  appearance  of  the  cloth  may 
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be  modified  by  applying  yarns  of  different  shades  in  two 
ways,  (1)  by  varying  the  order  of  warp  yarns;  (2)  by 
varying  the  order  of  weft  yarns.  To  produce  check, 
mixture,  and  other  patterns,  coloured  threads  are  applied 
to  both  the  warping  and  the  wefting. 

205.  Hairline  Stripes  in  the  Plain  Weaves. — “Hairlines” 
is  the  term  applied  to  patterns  similar  to  Fig.  a,  345,  on 
account  of  the  clearness  and  fineness  of  the  respective 
stripes  in  the  woven  fabric.  An  effect  of  this  class  can 
only  be  obtained  by  crossing  the  black  warp  with  the 
black  weft,  and  the  white  warp  with  the  white  weft ;  and 
unless  the  weave  used  is  so  constructed  as  to  admit  of  this 
arrangement  of  yarns  during  weaving,  the  formation  of 
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Fig.  347. 

the  separate  lines  is  impracticable.  That  the  structure  of 
the  plain  make  allows  of  the  production  of  this  pattern, 
however,  is  evident  from  the  order  in  which  the  two  classes 
of  yarns  intersect  each  other  in  the  construction  of  the 
fabric.  It  follows  that  as  this  crossing  only  contains  two 
threads  and  two  picks,  the  odd  picks  will  always  cover 
the  odd  threads,  and  the  even  picks  the  even  threads.  A 
reference  to  Fig.  346  will  show  that  this  is  the  char¬ 
acteristic  which  makes  it  feasible  to  produce  a  stripe  of 
two  solid  colours  in  the  plain  make.  Here,  it  will  be 
noticed,  the  black  picks,  1,  3,  5,  and  7,  enter  the  warp 
when  the  black  threads  are  down  and  the  white  threads 
up;  hence,  while  the  solidity  of  the  black  stripes  is  thus 
preserved,  that  of  the  white  stripes  is  not  interrupted. 
The  reverse  conditions  are  observed  in  the  crossing  of  the 
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white  picks — namely,  the  black  threads  are  lifted  and  the 
white  threads  are  depressed,  so  that  the  former  are  not 
covered  with  the  white  weft,  and  the  continuity  of  the  two 
stripes  is  preserved. 

206.  Hairline  Stripes  of  Three  Colours. — It  will  be  clear 
from  the  analysis  made  of  a  “  thread-and-thread  ”  hair¬ 
line  stripe,  that  each  line  of  colour  in  any  pattern,  pro¬ 
viding  it  is  solid  from  one  end  of  the  piece  to  the  other, 
must,  in  weaving,  be  crossed  with  a  corresponding  colour 
of  weft.  This  is  the  principle  on  which  hairlines  are  pro¬ 
duced.  Hence,  in  order  to  form  three  or  four  lines  of 
different  shades  of  yarn,  weaves  containing  these  numbers 
of  picks,  and  in  which  each  pick  intersects  a  separate  warp 
thread,  must  necessarily  be  employed.  To  make  this 
clearer,  the  method  of  constructing  a  stripe  of  three  dis¬ 
tinct  colours,  Fig.  347,  will  be  described.  Not  only  is 
it  essential  to  use  a  3-shaft  weave  in  the  formation  of  this 
pattern,  but  the  weave  must  also  contain  at  least  three 
picks  in  order  to  admit  of  each  of  the  single-thread  stripes 
being  crossed  with  such  weft  yarns  as  match  them  in 
colour  or  shade.  The  prunelle  twill,  Fig.  348,  will  be 
found  to  be  the  weave  adapted  to  these  requirements. 
The  pattern  of  both  warp  and  weft  of  this  striped  effect  is 
arranged  as  follows :  One  thread  black,  one  thread  grey, 
and  one  thread  white.  The  first  thread  and  first  pick  of 
the  weave  according  to  this  order  of  colouring  will  be  black ; 
the  second  thread  and  second  pick  grey;  and  the  third 
thread  and  third  pick  white.  On  comparing  the  plan  of 
crossing  the  threads  with  the  methods  of  warping  and 
wefting,  it  will  be  ascertained  how  the  weave,  and  the 
arrangement  of  yarns  alluded  to,  combined,  give  this  pat¬ 
tern.  The  following  analysis  of  the  interweaving  of  the 
threads  on  the  prunelle  principle  will  explain  the  system 
on  which  the  individual  stripes  of  colour  are  formed : 

The  first  pick  (black),  depressing  the  first  thread  (Fig. 
348),  and  lifting  the  second  and  third  threads,  passes 
under  the  grey  and  white,  but  over  the  black  yarns  in  the 
warp,  thus  forming  a  solid  black  line. 
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The  second  pick  (grey),  depressing  the  second  thread 
and  lifting  the  first  and  third  threads,  passes  under  the 
black  and  white,  but  over  the  grey  threads  in  the  warp, 
thus  forming  a  solid  grey  line. 

The  third  pick  (white),  depressing  the  third  thread  and 
lifting  the  first  and  second  threads,  passing  under  the 
black  and  grey,  but  over  the  white  yarns  in  the  warp,  thus 
forming  a  solid  white  line. 


207.  “  Hairline  "  Effects  in  Check  and  Fancy  Designs . — 
The  effect  of  the  same  order  of  yarns  in  Weave  349,  which 
is  the  reverse  of  Weave  348,  will  next  be  pointed  out. 
The  first  pick  of  this  crossing,  depressing  the  second  and 
third  threads,  passes  under  the  black  thread,  and  over  the 


Fig.  348. 


grey  and  white  threads,  producing  a  black  line  in  the 
piece;  the  second  pick,  depressing  the  first  and  third 
threads,  conceals  the  black  and  white  warp,  and,  in  con¬ 
junction  with  the  grey  threads,  gives  a  grey  line;  and 
the  third  pick  produces  a  white  transverse  line,  because 
the  black  and  grey  threads  are  down  during  its  intro¬ 
duction  into  the  warp.  Instead,  therefore,  of  forming 
stripes  lengthways  of  the  fabric,  this  weave  forms  them 
in  a  transverse  direction.  This  being  so,  by  combining 
Weaves  348  and  349,  stripe,  check,  and  other  forms  of 
patterns  are  obtainable.  Take  the  design  given  in  Fig. 
350  as  an  example.  This  small  check  weave  when  warped 
and  woven  in  the  same  order  as  the  preceding  styles 
gives  the  basket  check  effect,  sketched  in  Fig.  351.  The 
parts  lettered  a  of  the  design  form  the  longitudinal, 
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and  the  parts  b  the  transverse  stripes.  As  there  are  two 
repeats  of  the  weave  in  each  section  of  the  design,  there  is 
the  same  number  of  black,  grey,  and  white  lines  in  every 
part  of  the  pattern  For  the  two-and-one  order  of  warping 
and  wefting  the  plans  are  combined  as  in  Fig.  552. 

208.  Hairline  Stripe  of  Four  Colours. — Fig.  353  is 
a  hairline  stripe  composed  of  four  colours.  It  may  be 
obtained  by  employing  Fig.  354,  and  arranging  the  warp 
and  weft  yarns  as  follows : 


Fig.  350. 


Fig.  351. 


Fig.  352. 


Warp. 

1  thread  of  black 
1  „  dark  grey 

1  ,,  medium  grey. 

1  ,,  white  . 


Weft. 

1  pick  of  black. 

1  „  dark  grey. 

1  ,,  white. 

1  ,,  .medium  grey. 


The  reason  for  changing  the  positions  of  the  white  and 
medium  grey  yarns  in  wefting  will  be  apparent  from  an 
examination  of  the  structure  of  the  plan  used. 

Here  the  first  and  second  picks  of  Weave  354,  depress- 
ing  the  first  and  second,  or  the  black  and  dark  grey  threads 
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of  the  warp,  form  continuous  lines  of  these  shades;  but 
it  will  be  noticed  that  the  third  pick  takes  down  the 
fourth  thread,  which,  according  to  the  pattern  of  warp  is 
white,  and  hence  to  make  the  line  of  this  colour  solid  in 
the  piece,  this  pick  must  also  be  white ;  and  the  fourth 
pick,  for  a  similar  reason,  namely,  because  it  covers  the 
medium  grey  warp  thread,  must  also  be  of  this  colour, 
and  not  white  as  the  fourth  thread  in  the  warp. 

209.  Striped  Patterns  in  Mat  and  other  Weaves. — To 
produce  stripes  of  two  threads  in  width,  instead  of  one,  the 
weaves  have  to  be  differently  constructed.  An  illustration 
of  one  type  of  weave  used  for  this  purpose  is  given  in  Fig. 
355.  By  arranging  the  warp  2  threads  black,  2  grey, 
2  white,  and  2  grey;  and  the  weft  1  pick  black,  1  grey, 
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1  pick  white,  and  1  grey,  lines  of  colour  are  formed  thus : 
1st,  a  line  of  black;  2nd,  a  line  of  grey;  3rd,  a  line  of 
white ;  4th,  a  line  of  grey. 

The  7th  and  8th  threads  of  the  pattern  are  like  the  3rd 
and  4th,  which,  on  account  of  the  structure  of  the  weave, 
provides  for  both  these  pairs  of  threads  being  covered 
with  white  weft  in  weaving. 

210.  Patterns  in  the  Plain  Weave. — In  the  plain  weave 
several  types  of  check  and  spotted  patterns  are  obtainable 
by  the  systems  of  warping  and  wefting  utilized.  As  the 
weave  itself  forms  no  definite  pattern,  the  effects  to  be 
described  are  the  result  of  modifying  the  arrangement  of 
the  shades  of  warp  and  weft  yarns  combined  in  weaving. 
In  each  of  the  examples  given  the  first  pick  is  always 
understood  to  cross  the  warp  when  the  odd  threads  are 
depressed  and  the  even  threads  lifted,  and  the  second 
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pick  when  the  even  threads  are  depressed  and  the  odd 
threads  lifted. 

As  the  hairline  stripe,  in  the  plain,  is  obtained  by 
thread-and-thread  warping  and  weaving,  it  may  next  be 
pointed  out  what  style  of  effects  results  from  arranging 
the  yarns,  in  both  warp  and  weft  of  the  fabric,  two  ends 
black  and  one  end  white.  This  simple  modification  in  the 
order  of  the  yarns  produces  a  distinct  difference  in  the 
style  of  effect  obtained,  for  it  forms  a  pattern  consisting 
of  a  number  of  small  lines  of  colour  running  lengthways 
of  the  piece,  each  of  which  is  crossed  at  right  angles  with 
a  corresponding  line.  The  style  of  this  effect  and  the 
method  of  developing  it  will  be  better  understood  on  re¬ 
ferring  to  Fig.  35(5.  'flie  black  threads  and  picks  meet 
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Fig.  35(5. 


each  other  and  form  a  solid  black  ground,  the  white 
threads  forming  the  short  lines  or  spots.  If  the  warp 
were  arranged,  two  threads  of  white  and  one  thread  of 
black,  the  pattern  produced  would  be  exactly  the  reverse 
of  that  sketched  in  the  illustration,  namely,  a  series  of 
short,  disconnected  black  lines  arranged  on  a  white 
ground. 

In  order  to  make  it  clear  that  these  two  yarns — black 
and  white,  and  warped  and  woven  two  ends  of  the  former 
to  one  end  of  the  latter — cross  each  other  in  the  plain 
weave  on  such  a  principle  as  to  form  this  pattern,  the 
plan  of  construction  requires  to  be  analysed.  Suppose, 
therefore,  that  the  first  two  threads,  of  the  weave  are 
black,  the  third  thread  white,  the  fourth  and  fifth  threads 
black,  and  the  sixth  thread  white;  and  further,  that  the 
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warp  yarns  are  drawn  on  two  shafts,  and  that  the  first 
shaft  has  been  depressed  and  the  second  shaft  lifted  for 
the  first  black  pick,  then  the  black  threads,  2  and  4,  and 
the  white  thread,  6,  would  be  raised,  but  threads  1,  3, 
and  5  would  at  the  same  time  be  covered  with  the  weft 
yarn ;  hence  pick  1  allows  the  sixth  thread,  that  is,  the 
second  white  thread  in  the  design,  to  appear  on  the  face 
of  the  fabric.  The  raising  of  the  second  and  depression 
of  the  first  shaft  allows  the  third  thread  in  the  warp, 
which  is  the  first  white  end  in  the  pattern,  to  float  over 
the  second  black  pick.  The  third  pick,  which  is  white, 
next  enters  the  warp,  and  not  only  continues  the  white 
line  commenced  on  the  third  thread  by  the  previous  pick, 
but  also  forms  a  transverse  line  by  floating  over  threads 
5  and  7,  and  by  floating  under  thread  6 ;  causing  the  line 
formed  across  these  ends — 5,  G,  and  7 — to  be  of  the  same 
length  as  if  the  pick  had  flushed  over  three  threads  in 
succession.  As  the  fourth  pick  is  exactly  like  the  second 
both  in  the  weave  and  in  colour,  the  white  line  on  the 
third  thread  is  again  continued.  The  fifth  pick  is  a  re¬ 
petition  of  the  first.  The  sixth  pick,  or  second  white 
weft  thread  in  the  illustration,  falls  on  the  opposite  shed 
of  the  weave  to  its  predecessor  of  the  same  shade,  and,  as 
a  result,  forms  a  white  cross  line  on  threads  2,  3,  and  4. 
This  it  does  in  the  following  manner:  The  first  thread, 
being  black  and  elevated,  covers  the  weft  introduced ;  the 
second  thread,  however,  being  down,  allows  the  white 
filling  yarn  to  flush  over  it;  the  third  thread  of  the  pat¬ 
tern  appears  on  the  face  of  the  texture,  but,  as  it  is  white 
and  not  black,  it  continues  the  formation  of  the  white 
cross  line  begun  on  the  previous  thread;  the  weft  next 
crosses  over  the  fourth  thread,  where  it  completes  one 
transverse  line,  then  under  the  fifth,  and  lastly  over  the 
sixth  thread. 

211.  Checks  in  the  Plain  Weave. — The  method  of  weaving 
check  patterns  in  the  plain  weave  is  illustrated  in  Fig.  357. 
It  may  be  produced  in  either  the  plain  or  hopsack  weaves. 
When  the  checks  are  about  the  same  size  in  the  cloth  as 
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in  this  specimen,  the  hopsack  weave  may  have  been  used 
in  the  production  of  the  fabric.  The  following  is  the 
order  of  the  warp  and  weft  yarns  for  giving  this  effect  in 
the  plain  : 


2  threads  of  white 

,,  black  j  p Qr  £en  threads. 

2  „  grey  J 

The  white  threads  and  white  picks  form  in  conjunction 
with  each  other  the  over-check ;  that  is,  in  this  case,  the 
larger  check  of  white,  containing  a  number  of  effects  in 
black  and  grey. 


Black 

Hlack 

Grey 

Grey 

Black 

Black 

Grey 

Grey 

Black 


Black 

White 

White 

Black 

Black 

Grey 
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Fig.  357. 


Another  form  of  check  is  sketched  in  Fig.  358,  the 
order  of  warping  and  wefting  being : 

Black  ...  2  1  1  2  2  1  1  2. 

White  ...  1  1  1  2  1  1  1  2. 

This  order  of  threads  indicates  when  the  nature  of  the 
pattern  is  considered,  that  the  more  varied  the  effect 
obtained,  the  more  intricate  the  method  of  combining  the 
yarns  in  both  warp  and  weft.  In  fine  yarns  this  style — 
or  modifications  of  it — -forms  a  very  suitable  design  for 
dress  fabrics. 

Parts  b  and  b1  are  portions  of  the  hairline  effect  got 
by  thread  and  thread  warping  and  picking ;  and  Sections 
a  and  a1  are  the  same  stripes  placed  in  a  transverse  in- 
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stead  of  a  longitudinal  direction.  Sections  a  and  a1, 
although  totally  different  parts  of  the  design,  occupy, 
relatively,  exactly  the  same  positions  in  the  weave.  Thus 
Section  a  commences  to  be  formed  on  the  thirteenth  pick, 
and  a1  begins  to  be  formed  on  the  thirteenth  thread.  If 
the  arrangement  of  the  coloured  threads  employed  is 
consulted,  it  will  be  found  that  the  thirteenth  pick  of 
section  b  is  black;  the  weave,  it  must  be  remembered, 
depresses  the  odd  threads  during  the  intersection  of  the 
odd  picks,  hence  the  thirteenth  thread  will  be  down  when 
the  thirteenth  pick  is  entering  the  warp.  Again  the 
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Fig.  358. 


second  pick,  on  which  the  parallel  horizontal  lines  of  a1 
commence  to  be  formed,  is  also  black,  and  enters  the 
warp  when  the  twelfth  and  the  remainder  of  the  even 
threads  are  depressed;  showing  clearly  that  the  threads 
of  the  respective  sections  intersect  each  other  in  precisely 
the  same  order,  although  forming  different  portions  of 
the  pattern.  An  analysis  of  section  a1,  from  the  second 
to  the  eighth  pick,  shows  that  the  black  picks  enter  the 
warp  when  the  white  threads  are  down  and  the  black 
threads  are  lifted;  whereas  the  white  picks  are  woven 
into  the  warp  when  the  black  threads  are  down  and  the 
white  threads  up.  In  b,  however,  the  black  picks  float 
over  the  black  threads  and  the  white  picks  over  the  white 
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threads,  lienee  in  the  former  case  the  lines  are  formed 
across,  and  in  the  latter  case  lengthways  of  the  fabric. 

212.  Twilled  and  Fancy  Patterns  in  the  Plain  Weave. — 
In  all  instances  where  the  plain  weave  is  used,  colour  over 
colour  gives  longitudinal  stripes,  and  colour  under  colour 
horizontal  stripes  in  the  woven  cloth.  This  being  the  rule, 
various  effects  may  be  got  by  a  slight  alteration  of  the 


Fig.  359. 


Fig.  390. 


weave.  Figs.  359  and  360  are  examples.  If  these  designs 
were  woven  in  one  colour  of  warp  and  Avef't  yarns,  they 
would  present  a  texture  with  a  plain  surface ;  in  fact  they 
are  merely  the  plain  weave,  in  some  parts  of  which  the 
make  commences  on  the  opposite  threads  to  what  it  does 
in  others.  Thus  the  odd  threads  of  Fig.  359,  in  the  por¬ 
tions  formed  in  «’s,  are  depressed  when  the  odd  picks 


interweave  with  the  warp,  but  in  the  portions  marked  in 
[Xi’s  the  same  picks  cover  the  even  threads.  This  has  a 
distinct  effect  on  the  simplest  method  of  colouring.  . 

Taking  the  warp  and  weft  threads  to  be  arranged  one- 
and-one,  then  in  such  sections  of  the  designs  where  the 
weave  is  marked  in  «’s  upright  black  and  white  lines 
are  formed,  but  in  the  adjacent  sections  marked  in  [xfs 
transverse  lines.  The  pattern  due  to  Fig.  359  is  that 
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seen  in  Fig.  361,  and  to  Fig.  360  that  sketched  in 
Fig.  362. 

213.  Mixtures  in  Plain  and  Mat  Weaves. — Fig.  363  is 
the  plain  weave"  bird's-eye  pattern.  The  warp  in  such 
styles  is  all  one  colour  of  yarn,  say  in  this  specimen,  white 
woven  one  pick  black  and  one  pick  grey.  Now,  although 
the  black  and  grey  yarns  form  spots  of  these  shades,  yet 
neither  yarn  makes  a  continuous  stripe.  One  portion  of 
the  warp  crosses  over  the  black,  and  a  second  portion 
over  the  white  weft,  causing  the  dots  of  colour  to  develop 
as  shown.  Similar  patterns  are  produced  in  the  mat 
where  the  wetting  is  changed  to  two-and-two. 

To  add  to  the  mingled  characteristic  the  warp  yarns 
may  be  twist  such  as  black  and  grey,  and  woven  one  pick 
black  and  one  pick  light  grey,  or  in  different  shades. 
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COLOUR  APPLIED  TO  PLAIN,  TWILLED,  AND  FANCY 

WEAVES 

214.  Uses  of  the  Cassimere  Twill  in  Coloured  Patterns— 215.  Differ¬ 
ence  between  the  Effects  obtained  in  the  Cassimere  and  Plain  Weaves 
— 216.  Broken  Diamond  Effect  in  the  Cassimere — 217.  Common 
Checkings  in  the  Cassimere — 218.  Shepherd  Plaid — 219.  Colouring 
of  the  Four-shaft  Mat — 220.  Fancy  Checks — 221.  Colour  Applied 
to  Five-End  Makes — 222.  Effects  in  the  Six-End  Twill — 223.  Check 
Effects  in  the  Six-End  Twill — 224.  Simple  Colourings  and  Weave 
Structure  —  225.  Irregular  Colourings  —  226.  Cross  Weftings  — 
227.  Colour  Applied  to  Weave  Combinations. 

214.  Uses  of  the  Cassimere  Twill  in  Coloured  Patterns. — 
The  cassimere  twill  is  one  of  the  most  useful  weaves  for 
developing  effects  of  a  coloured  character.  Its  structure 
makes  it  adapted  to  all  kinds  of  fabrics,  and  hence  it  is  em¬ 
ployed  in  the  production  of  fancy  woollens,  worsteds,  cot¬ 
tons,  and  silks. 

There  are  some  weaves  which,  on  account  of  their  irre¬ 
gularity  of  interlacings,  may  only  be  used,  with  satisfactory 
results,  in  one  class  of  yarns  and  one  kind  of  set  or  reed, 
and  even  when  these  conditions  are  complied  with  they 
are  only  applicable  to  a  limited  range  of  effects.  Warp 
twills  of  the  “corkscrew”  class  are  of  this  type.  If  simi¬ 
lar  shades  and  order  of  threads  were  used  in  both  warp 
and  weft  of  such  twills,  the  colourings  in  the  woven  pattern 
would  appear  more  pronounced  in  tone  in  the  direction  of 
the  warp  than  in  the  direction  of  the  weft.  This  is  due  to 
the  principle  on  which  corkscrew  twills  are  arranged,  for 
they  are  essentially  what  are  defined  warp-faced  weaves. 
Obviously,  then,  crossings  of  this  character  are,  unless 
modified,  unsuitable  for  real  check  patterns.  A  broken  or 
an  imperfectly-formed  check  may,  of  course,  be  woven  in 
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them,  but  the  rectangular  formation,  characteristic  of 
check  effects,  is  not  so  clearly  developed  in  both  warp  and 
weft  of  the  pattern  if  the  weave  used  allows  either  of 
these  two  classes  of  threads  to  appear  more  on  the  surface 
of  the  fabric  than  the  other.  It  should  be  observed  that 
there  are  styles  in  which  a  decided  check  is  not  required, 
but  simply  a  pattern  in  which  the  colourings  of  the  weft 
are  somewhat  more  subdued  than  those  of  the  warp,  or  an 
effect  possessing  the  features  of  both  stripe  and  check. 
Weaves  with  a  preponderance  of  warp  surface  are  selected 
for  these  styles;  but  when  a  correct  check  has  to  be  woven, 
an  ordinary  twill  yields  the  best  results.  As  the  cassimere 
twill  is  of  this  construction,  it  affords  many  facilities  for 
a  variety  of  arrangements  as  to  colourings. 


Fig.  364. 


215.  Difference  between  the  Effects  obtained  in  the  Cassi¬ 
mere  and  Plain  Weaves. — The  effects  produced  in  this 
twill  are  decidedly  different  from  those  obtained  in  the 
plain  weave,  even  when  the  method  of  colouring  is  pre¬ 
cisely  the  same  in  both  examples.  All  patterns  formed  in 
the  “  plain  ”  are  without  textural  characteristics ;  in  effects 
obtained  in  the  “  cassimere,”  however,  twills  or  small 
diagonal  lines,  in  addition  to  the  shades  or  colours  com¬ 
bined,  compose  the  elements  of  the  design.  Thread  and 
thread  warping,  as  pointed  out  in  the  previous  Chapter, 
gives,  in  the  plain  weave,  a  hairline  stripe,  but  in  this 
twill  it  forms  a  diagonal  of  a  step  character  as  shown  in 
Fig.  364.  This  indicates  that  when  the  arrangement  or 
classification  of  threads  remains  unaltered,  if  the  weave 
should  be  changed,  a  modification  of  the  pattern  would 
ensue.  It  is  an  example  of  how  the  style  of  the  design. 
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under  such  conditions,  may  be  recast  by  the  weave. 
By  changing  the  weave  from  plain  to  twill  a  striped 
pattern  is  transformed  into  a  minute  but  clearly-de¬ 
fined  diagonal.  The  principles  of  weaving  which  under¬ 
lie  this  result  may  be  dissected.  The  cassimere  twill 
contains  four  threads  and  four  picks,  but  the  plain  weave 
only  contains  two;  that  is  to  say,  the  former  make  repeats 
itself  on  every  fifth,  but  the  latter  on  every  third  thread. 
This  alone,  it  will  soon  be  apparent,  is  sufficient  to  impart 
a  distinct  character  to  the  woven  effect,  although  the  same 
colourings  may  be  employed  in  both  weaves.  F  or,  if  the 
warp  and  weft  are  arranged  one  end  black  and  one  end 
grey,  each  repeat  of  the  weave  in  the  plain,  forms  a  com¬ 
plete  repeat  of  the  pattern,  whereas  the  order  of  yarns 
is  twice  repeated  in  each  formation  of  the  twilled  make. 
Let  the  plan  and  colourings  be  now  examined.  The  first 
pick  in  the  ±  -  twill  covers  the  first  and  second  threads 
and  forms,  in  combination  with  the  third  thread  (which 
is  black  and  lifted  for  its  intersection),  a  black  float  of 
three  threads,  as  indicated  in  Fig.  364.  When  the  second 
pick  enters  the  warp  the  second  and  third  threads  are 
down  and  the  first  and  fourth  threads  up,  so  that  it  pro¬ 
duces  by  joining  on  to  the  second  thread  a  transverse  line 
of  grey.  If  this  analysis  were  continued  it  would  show 
that  the  odd  picks  always  form  three-thread  flushes  of 
black  and  a  one- thread  flush  of  grey;  and  the  even  picks 
form  three-thread  flushes  of  grey  and  a  one-thread  flush 
of  black. 

The  twill  of  the  weave  runs  to  the  right,  but  that  of 
the  pattern  moves  to  the  left.  To  reverse  the  direction  of 
the  diagonal  in  the  woven  pattern,  the  twill  would  require 
to  move  to  the  left  in  weaving. 

216.  Broken  Diamond  Effect  in  the  Cassimere. — Fig.  365 
is  another  pattern  which  has  been  produced  in  the  same 
order  of  threads  by  using  the  check  Aveave,  Fig.  366. 

It  is  unnecessary  to  explain  in  detail  Iioav  this  broken 
diamond,  or,  perhaps,  more  strictly  speaking,  irregular 
check  pattern  has  been  constructed.  The  weave  used,  it 
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will  be  quite  clear  from  the  remarks  made  on  the  preced¬ 
ing  pattern,  is  arranged  on  such  a  principle  as  to  give  this 
result.  Both  the  pattern  and  the  weave  may  be  divided 
into  four  separate  parts.  The  twill  of  the  design  in  sec¬ 
tions  a  and  a1,  forms  those  parts  of  the  pattern  in  which 
the  diagonal  moves  to  the  left,  while  sections  B  and  b1  pro¬ 
duce  the  parts  in  which  the  diagonal  runs  to  the  right. 

When  this  pattern  is  enlarged,  it  becomes  an  effective 
style  in  both  woollens  and  worsteds.  The  appearance  of 
the  design  may  be  varied  by  forming  an  over-check  on  the 
threads  of  the  weave  which  oppose  each  other,  thus  in  this 
instance  it  would  be  on  the  eighth  and  ninth  threads  and 
picks. 


217.  Common  Checkings  in  the  Cassimere. — Various 
other  patterns  to  those  referred  to  are  acquired  in  the 
cassimere,  including  the  2-and-2  warping  and  wefting 
illustrated  in  Fig.  367,  and  the  combination  of  2-and-2 
and  1-and-l  colouring  sketched  in  Fig.  368.  The  latter, 
when  wefted  as  indicated  in  Figs.  369  and  370,  forms 
broken-stripe  patterns.  Such  cross-weftings,  as  they  are 
termed,  are  very  common  in  producing  fancy  woollen  and 
worsted  fabrics. 

218.  Shepherd  Plaid. —  The  black-and-white  shepherd 
plaid,  is  another  standard  effect  produced  in  this  weave. 
Fig.  371  is  a  sketch  of  this  pattern.  Both  warp  and 
wref’t  are  composed  of  four  threads  of  black  and  four 
threads  of  white  alternately.  This  order  of  colouring  may 
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be  extensively  used  by  combining  other  shades  and  fancy 
twists  and  folded  yarns. 

219.  Colouring  of  the  Four-Shaft  Mat. — The  methods 
of  colouring  the  cassimere  are  applicable  to  the  4-end 
mat,  so  that  these  two  weaves  may  be  used  in  the  same 
design,  each  having  a  distinct  effect  on  the  order  of  colour¬ 
ings.  Thus,  whilst  in  the  former  the  2  dark,  2  medium, 
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Fig.  369. 


Fig.  370. 


Fig.  37F 


and  2  light,  gives  a  broken  check — Eig.  372 — in  the  mat, 
it  gives  short  lines  of  the  distinct  colours  (Eig.  373).  As 
a  rule  the  colourings  are  more  pronounced  when  developed 
in  the  mat  than  in  the  twill.  It  will  be  readily  under¬ 
stood  how  a  large  diversity  of  colour  styles  may  be 
obtained  by  combining  these  weaves  in  stripes  and  checks, 
from  the  different  effects  described,  and  yet  such  as  har¬ 
monize  with  each  other,  as  those  which  obtain  in  Figs.  372 
and  373. 
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220.  Fancy  Checks. — The  two  patterns,  Figs.  374  and 
375,  illustrate  the  styles  obtainable  by  irregular  orders  of 
colouring,  the  former  being  warped  and  woven  4  black  and 
2  white,  and  the  latter  2  grey,  2  white,  2  grey,  and  4  black. 
Both  styles  are  effective,  and  when  developed  in  fine 


Fig.  372. 


Fig.  373. 


Fig.  374. 


yarns  the  contrast  of  shades  may  be  fairly  marked  ;  but  in 
thick  cheviot  yarns,  the  colour  contrasts  should  be  sub¬ 
dued.  In  neither  of  the  patterns  is  the  weave  effect  entirely 
obliterated.  The  pattern  (Fig.  375)  is  suitable  for  dress 
or  mantle  textures. 

Fig.  376  is  a  compound  due  to  colouring  2  dark,  1  light 


Fig.  375. 


(for  12  threads),  then  2  light,  1  dark  (for  the  same  num¬ 
ber  of  threads).  It  is  a  style  of  shade  combination  useful 
for  suitings  in  worsted  yarns,  and  also  for  patterns  in 
woollens,  where  an  intermingled  and  yet  a  definite  check 
is  wanted.  This  kind  of  compound  is  also  developed  in 
3-and-l,  4-ancl-l,  and  6-and-2  orders  of  shades.  The  j>at- 
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terns,  when  the  colours  are  of  the  same  hue  and  subdued 
in  tone,  may  be  large  in  size,  but  as  the  contrast  in  colour 
is  intensified,  they  should,  as  a  rule,  decrease  in  dimensions. 

221.  Colour  Applied  to  Five-End  Makes. — Five-shaft 
weaves  are  not  so  largely  used  as  four-shaft  in  the  produc- 


Fig.  376. 


tion  of  fancy  woollen  and  worsted  fabrics.  The  reason  for 
this  is,  that  on  four  shafts  more  diversity  of  pattern  is 
producible.  However,  there  are  some  styles  which  are 
only  obtainable  in  five-heald  makes.  Included  in  these  are 
striped  fabrics  of  the  type  given  in  Figs.  377  and  378. 


Fig.  377  is  weavable  in  the  five-end  warp  sateen,  the 
warp  being  3  ends  of  grey  and  2  of  white ;  and  the  weft 
1  pick  grey,  1  white,  1  grey,  1  white,  and  1  grey.  Both  the 
two-thread  and  three-thread  lines  are  solid  shades  due  to 
the  grey  picks,  in  Aveaving,  covering  the  grey  threads  and 
the  white  picks  the  Avhite  threads ;  an  arrangement  of  yarns 
Avhich  must  result  in  stripes  of  grey  and  Avhite  respectively. 
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This  is  the  special  feature  of  this  striped  pattern  due  to 
the  structure  of  the  weave,  for  the  five-heald  sateen  is  the 
only  crossing  that  develops  a  stripe  thus  arranged.  The 
four-shaft  broken  twill  would  give  a  similar  effect,  or  a 
stripe  2  threads  of  grey  and  2  threads  of  white  alternately; 
while  the  six-heald  sateen  might  be  arranged  to  form  a 
stripe  of  the  same  class,  3  threads  of  grey  and  3  threads 
of  white,  but  neither  of  these  weaves  would  give  precisely 
the  same  effect  as  that  seen  in  Fig.  377. 

A  modification  of  this  style  is  obtainable  by  using  twist 
yarns  in  the  warp,  thus :  3  threads  of  brown  and  white 
twist,  and  2  threads  of  brown.  The  weft  for  such  a  pattern 
should  be  1  pick  of  brown  and  white,  1  of  brown,  2  of 
brown  and  white,  and  1  of  brown.  Another  method  of 
wefting  consists  in  using  the  same  colour  of  weft  yarn  as 
that  forming  the  principal  shade  in  the  warp. 


Fig.  379. 

When  the  doeskin  is  employed,  as  in  these  examples,  in 
the  production  of  fancy  cloths,  the  patterns  are  invariably 
of  a  striped  character.  Being  a  warp-faced  weave,  there 
is  no  facility  for  imparting  any  diversity  of  colouring  by 
the  weft  yarn ;  but  if  the  pattern  may  not  be  varied  in 
effect  by  the  weft,  the  smooth,  regular  surface,  due  to  the 
warp  threads,  is  a  valuable  technical  feature.  The  face  of 
the  cloth  is  fine  and  even  in  texture,  the  threads  of  warp 
and  weft  being  scarcely  discernible  after  finishing.  An 
element  of  importance  in  the  use  of  weaves  of  this  type  is 
that  in  plain  as  well  as  coloured  fabrics,  a  lower  quality  of 
yarn  may  be  employed  for  weft  than  for  warp,  as  the  weft  is 
principally  on  the  back  of  the  fabric  and  does  not  affect 
the  character  of  the  face  to  any  perceptible  degree.  In 
ordinary  twills,  if  the  weft  is  reduced  in  quality,  and  con¬ 
sequently  in  some  degree,  in  colour  tone,  it  is  detrimental 
to  the  fabric. 
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By  combining  a  warp  sateen  with  the  welt  twill — Eig. 
379 — and  colouring  in  the  warp  1  dark,  1  grey,  1  medium 
grey,  1  light  grey  and  1  white;  and  in  the  weft  1  light 
grey,  1  grey,  1  white,  1  medium  grey  and  1  dark  grey,  a 
pattern  is  produced  of  the  same  type  as  Fig.  378. 

The  stripes  are  formed  lengthways  in  the  warp  weave 
and  transversely  in  the  weft  weave.  This  kind  of  combina¬ 
tion  is  applied  to  other  classes  of  styles,  such  as  the  dia¬ 
gonal  illustrated  in  Fig.  380,  which  is  coloured  3  black,  1 
grey,  1  white  in  the  warp,  and  wefted  as  seen  in  the 
sketch,  the  weaves  combined  being  the  warp  and  weft 
sateens. 

The  “Venetian”  is  employed  chiefly  in  the  production 
of  fine  twist-warp  fabrics  for  light  overcoats.  The  weft  in 


Fig.  380. 


such  textures  is  generally  a  single  thread,  as  an  olive-and- 
white  twist  warp  crossed  with  an  olive  weft,  or  a  drab-and- 
white  twist  warp  woven  with  a  drab  weft.  Effects  of  a 
striped  character  are  developed  in  this  weave  by  grouping 
colours  in  the  warp,  but  the  weft  yarn  is  invariably  one 
shade. 

A  more  diversified  range  of  patterns  may  be  woven  in 
the  five-end  twill  than  in  the  two  preceding  makes.  It 
differs  in  construction  from  the  cassimere  or  four-end 
twill,  giving  one-fiftli  more  warp  than  weft  on  the  face  of 
the  fabric.  For  Fig.  381  the  yarns  are  grouped  as  follows : 

Warp. 

2  ends  of  grey. 

2  ends  of  white. 

1  end  of  light  grey. 


Weft. 

Black. 
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The  grey  and  the  white  threads  both  give  broken  stripes, 
the  former  producing  grey  lines,  and  the  latter  white  lines, 
crossed  with  black  ;  every  fifth  thread  in  the  pattern  being 
light  grey  is  also  broken  in  effect  by  the  black  picks. 
When  this  pattern  is  woven,  with  the  same  colourings  in 
the  weft  as  in  the  warp,  it  forms  a  neat  check.  If  worsted 
yarns  are  used,  the  single  thread  (i.e.,  the  light  grey 
thread  in  Eig.  381)  might  be  either  silk  or  worsted  and 
silk  twist.  By  reversing  the  weaves,  as  shown  in  Fig. 
381a,  and  warping  and  wefting  five  of  black  and  five  of 
brown,  or  any  other  two  contrasting  shades,  a  useful  check 
pattern  may  be  obtained.  The  structure  of  the  design 
causes  the  colourings  in  Section  a  to  be  more  pronounced 
in  the  direction  of  the  warp  than  in  the  direction  of  the 


Fig.  381. 
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Fig.  381a. 


weft,  but  in  Sections  b  more  pronounced  in  the  welt  than 
in  the  warp.  When  the  lower  part  of  the  design  is  used, 
or  a  stripe  combination  made  48  threads  of  a  and  48 
threads  of  b,  and  coloured  five- and -five  in  both  warp  and 
weft,  it  forms  a  checked  stripe  pattern. 

222.  Effects  in  the  Six- End  Twill. — The  six-shaft  twill 
is  as  useful  a  weave  for  colouring  as  the  cassimere.  Its 
structure  being  uniform,  flushing  both  warp  and  weft 
yarns  to  the  same  extent  on  both  sides  of  the  cloth,  it 
produces  evenly-balanced  effects.  To  commence  with  a 
simple  arrangement  of  warp  and  weft  threads,  namely, 
1  of  black,  1  of  grey,  and  1  of  white,  it  will  be  seen  from 
Section  a,  Fig.  382,  that  b}^  the  use  of  this  twill  an  im¬ 
portant  series  of  patterns  is  producible.  One  rule — but 
not  general — in  making  styles  for  this  and  other  small 
weaves  is,  that  the  colours  in  the  aggregate  should  meet 
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or  tally  with  the  weave.  Thus  the  total  number  of  threads 
in  either  pattern  of  warp  or  weft  for  this  weave  should  be 
a  number  that  is  either  a  multiple  of  six,  or  divisible, 
without  a  remainder,  by  six.  For  example,  such  numbers 
as  3,  6,  12,  18,  and  24,  etc.,  are  correct,  as  are  also  9  and 
15.  As  a  remainder  of  three  threads,  however,  divides  the 
weave  exactly  into  two  parts  it  is  not  so  liable  to  produce 
an  uneven  result  as  a  remainder  of  1,  2,  4,  or  5.  In  Fig. 
382,  Section  a,  the  white,  grey,  and  black  yarns  form 
three  distinct  diagonals  of  a  step  character.  The  order  of 
warping  and  wefting  for  this  style  is  applied  to  both 
worsted  and  woollen  fabrics,  the  success  of  the  pattern 
depending,  in  most  instances,  on  the  colourings  combined. 

Various  styles  of  stripe  patterns  are  produced  in  6-shaft 
weaves,  the  following  being  examples  in  the  orders  of 
colouring  commonly  employed : 


A 

D 

3  dark. 

For  24  | 

|T  medium. 

3  light. 

threads  j 

1 1  dark. 

B 

ll  medium. 

6  dark. 

1 

fl  light. 

2  medium. 

For  9.  \ 

1  dark. 

2  light. 

1 

ll  light. 

2  medium. 

I 

fl  dark. 

c 

For  9.  - 

1  medium. 

18  light. 

ll  dark. 

2  medium. 

I 

fl  light. 

2  dark. 

For  9.  \ 

1  dark. 

2  medium. 

1 

ll  light. 

The  pattern— Fig.  382 — illustrates  the  effects  of  several 
other  schemes  of  colouring  in  the  3^  twill,  such  as  the 
2-and-2  and  3-and-3  arrangements,  and  also  the  effect  of 
the  1-and-l  wefting  on  the  2-and-2  and  3-and-3  warpings, 
and  the  2-and-2  wefting  on  the  1-and-l  and  3-and-3  warp¬ 
ings;  and  the  3-and-3  wefting  on  the  1-and-l  and  2-ancl-2 
warpings.  All  these  forms  of  pattern  are  successfully 
worked  in  the  production  of  both  stripes  and  checks. 


COLOUR  APPLIED  TO  WEAVES  529 

223.  Check  Effects  in  the  Six-End  Twill. — As  seen  from 
Fig.  382,  this  weave  is  adapted  to  the  formation  of  check 
designs.  One  common  style,  Section  b,  is  coloured  as 
follows : 

3  ends  of  black. 

3  „  grey. 

3  ,,  white. 

As  there  are  nine  threads  in  the  colourings,  the  weave  has 
to  be  repeated  three  times  and  the  pattern  of  warp  and 
weft  twice  to  form  a  repeat  of  the  design.  One  repeat  has 


A 


Fig.  382. 


been  sketched  in  the  illustration.  The  basket  check  woven 
in  this  twill  is  usually  obtained  by  warping  and  wefting 
as  below : 

3  ends  of  black,  )  For  24  or  36  ends,  according  to 
3  ,,  grey.  J  the  size  of  check  required. 

and  then — 


6  ends  of  black.  1 
6  n  grey.  j 


-For  24  or  36  ends. 


The  six-and-six  combination  of  this  pattern  forms  a 
large  check  (composed  of  a  series  of  squares  of  black 
and  grey)  surrounding  a  number  of  irregular  and  smaller 
checks  formed  bv  the  3-and-3  thread  arrangement. 

J  o 

M  M 
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224.  Simple  Colourings  and  Weave  Structure? — As 
noted  in  treating  of  the  one-and-one  colouring  in  the 
plain  weave  and  the  cassimere  twill,  the  structure  of  the 
weave  is  an  important  modifying  element  of  the  patterns 
obtainable  in  the  standard  orders  of  warping  and  wefting. 
In  this  treatise  only  one  series  of  examples — Nos.  1  to  6a, 
1  to  6b,  and  1  to  6c,  Plate  XLII — can  be  considered.  They 
show  in  a  special  way  the  effects  producible  in  the  one- 
and-one  colouring  in  eleven-shaft  weaves;  but  the  prin¬ 
ciples  of  textural  design  and  colour  involved  are  applicable 
to  all  styles  of  woven  colouring  in  which  the  scheme  of 
warp  and  weft  intertexture  combine  with,  and  are  neces- 
sarv  to,  the  scheme  ,of  colouring  in  the  construction  of 
the  pattern.  Strictly,  if  the  weave,  on  whatever  base 
devised,  floats  the  warp  and  weft  equally  on  the  face  of  the 
fabric,  it  determines  the  form  of  the  pattern ;  but  should 
the  weave  give  either  a  warp  or  weft  surface  in  the  fabric 
this  is  not  the  case.  -A  warp-face  plan  only  expresses  the 
effect  due  to  the  warp  colourings,  and  a  weft-face  plan  the 
effect  due  to  the  weft  colourings;  that  is,  there  is  no 
pattern  or  design  developed  by  the  system  of  warp 
and  weft  interlacing  and  the  order  of  colouring  in  the 
yarns,  such  as  result  in  the  weaves  sketched  on  Plate 
XLII,  and  also  in  standard  twills,  mats,  etc. 

In  the  carrying  out  of  the  experiments  typified,  three 
healding  drafts  were  employed.  Specimens  I  to  6a  have 
been  woven  in  Draft  A ;  1  to  6b  in  Draft  B ;  and  1  to  6c 
in  Draft  C ;  and  in  the  plans  numbered  1  to  6,  inclusive. 

The  following  types  of  specimens  are  comprised  in  this 
set  of  weave  and  colour  examples  : 

Plate  XLII 
Healding  Draft  A 

Specimen  1a,  Plan  1  =  Neat  twilled  line  effect. 

,,  2a,  „  2  =  Upright  twill  or  small  diagonal. 

,,  3a,  ,,  3  =  Small  step  twill  effect. 

1  See  Chapters  VIII  and  IX  in  “Colour  in  Woven  Design.” 
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Specimen  4a,  Plan  4  —  Mingled  cross  twill  effect. 

,,  5a,  ,,  5  =  Mingled  all-over  twill  effect. 

,,  6a,  „  6  =  Clear,  definite  twill  effect,  moving 

to  the  left. 


Healding  Draft  B. 

Specimen 

lB, 

Plan  1  =  Compound  twill  effect. 

ii 

2b, 

ii 

2  =  Mingled  cross  twill,  but  more 
marked  than  Eig.  4a. 

11 

3b, 

ii 

3  =  Pronounced  twill  moving  at  an 
angle  of  20°. 

11 

4b, 

ii 

4  =  Fancy  twill,  moving  at  an  angle  of 
20°, 

11 

5b. 

ii 

5  =  Cross  twill. 

11 

6b, 

n 

6  =  Fine  intermingled  pattern. 

Healding  Draft  C. 

Specimen 

lc,  Plan  1  =  Corkscrew  effect. 

11 

2°, 

ii 

2  =  Similar  to  specimen  3b. 

11 

3c, 

ii 

3  =  Fancy  small  diagonal,  moving  to 
the  left. 

11 

4c, 

ii 

4  =  Fancy  cross  twill,  chief  effect  mov¬ 
ing  to  the  left. 

11 

5c, 

ii 

5  =  Neat  line  twill  similar  to  specimen 

lA. 

11 

6c, 

ii 

6  =  Neat  line  twill,  but  more  varied  in 
surface  effects. 

Each  specimen  forms  a  distinct  style,  capable  of  being 
worked  into  ranges  for  suiting  and  costume  fabrics. 

225,  Irregular  Colourings. — These  are  orders  of  colour¬ 
ings  in  which  the  number  of  threads  and  picks  of  each 
shade  in  the  pattern  is  dissimilar.  Examples  in  two- 
colour  patterns  may  be  woven  as  follows : 


Orders  of  Warping. 

3  black  and  1  white  or  any  two  shades. 


5 

6 


ii 


3 


2 


ii 


11 

ii 

11  % 

ii 

ii 


ii 
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Orders  of  Wefting. 


black  and  2  white  or  an}r  two  shades. 

4 

ii  ^  ii  ii  ii 

9 

11  "  11  11  51 


1 


>) 

6 

9 


All  the  wettings  may  be  used  in  the  and  twills; 
but  in  using  more  irregular  weaves,  e.g.,  those  in  Figs. 
161,  1626,  164c,  192,  196,  and  197,  all  of  which  are  applic¬ 
able  to  the  orders  of  warping  only  certain  of  the  weft 
schemes,  a1,  b1,  and  d1,  produce  even  or  uniform  styles  of 
pattern. 

226.  Cross  Wef tings. — Brief  allusion  has  been  made  in 
paragraph  217  to  the  effect  of  cross  weftings.  Their  appli¬ 
cation  to  simple  weaves,  and  utility  in  pattern  develop¬ 
ment,  are  illustrated  by  the  typical  styles  sketched  in 
Figs.  383,  383a,  6,  c,  <i,  and  383c. 

The  first  four  of  these  patterns  are  warped  in  the  same 
manner,  the  weaves  in  three  of  them  being  cassimere,  and 
in  Fig.  383c,  the  twill;  but  the  weftings  are  1-and-l, 
2-and-2,  4-and-4,  and  3-and-3  respectively,  making  four 
patterns  which  differ  as  much  in  character  from  each  other 
as  if  distinct  weaves  and  schemes  of  warping  and  weft¬ 
ing  had  been  practised.  In  Figs.  383c  and  383 d,  the  weave 
is  twill,  the  order  of  warping  is  4-and-4,  and  of  weft¬ 
ing  2-and-2,  and  3-and-3,  producing  in  the  former  a 
broken  stripe,  and  in  the  latter  a  well-defined  check. 

Success  in  using  such  schemes  of  grouping  shades  is 
mainly  dependent  upon  the  contrast  of  colour  allowed, 
which  should  be  determined,  first,  by  the  counts  of  the 
yarns;  and,  second,  by  the  quality  of  the  material;  and, 
third,  by  the  purposes  to  which  the  fabrics  are  to  be 
applied. 

227.  Colour  applied  to  Weave  Combinations. — Quite  a 
different  class  of  effects  to  those  resulting  from  the  em¬ 
ployment  of  coloured  yarns  in  single  weaves,  are  obtained 
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in  woven  fabrics  by  the  application  of  a  variety  of  shades 
to  designs  composed  of  several  crossings.  This  is  illus¬ 
trated  by  the  simple  example — Fig.  384 — consisting  of  a 
combination  of  2-^  and  twills,  the  order  of  colouring 
being  the  same  in  each  section. 

The  course  that  should  be  adopted  in  this  kind  of  de- 


Fig.  383 b. 


Fig.  383d. 

Examples  in  Cross  Weftings. 

signing  is,  when  the  weave-pattern  has  been  constructed, 
to  examine  its  various  parts  and  ascertain  the  effect  they 
would  each  produce  if  a  specified  order  of  threads  were 
employed.  Thus,  supposing  a  check  design  composed  of 
two  four-heald  makes — cassimere  twill  and  hopsack— were 
warped  and  woven  two  threads  black  and  two  threads 
white,  the  appearance  of  the  colourings  in  the  respective 
weaves  would  be  quite  different  from  each  other.  While 


Fig.  383c. 


Fig.  383c. 
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they  would  produce  in  the  twill  a  series  of  small  black 
and  white  cheeks,  in  the  liopsack  or  mat  portions  of 
the  design  they  would  form  a  series  of  solid  but  narrow 
stripes  of  these  colours. 

The  application,  therefore,  of  this  two-and-two  order  of 


Fig.  384. 


colours  to  Fig.  308  would  yield  a  totally  different  style 
from  that  obtained  in  the  check  design  alluded  to.  In 
accordance  with  the  figured  base  on  which  the  weave 
compound  is  arranged,  the  effects  developed  by  the 
colourings  would  be  grouped,  and  would  form  a  figured 
pattern. 
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An  example  of  a  different  type,  namely,  in  which  the 
complete  order  of  colouring  is  arranged  to  exactly  fit  with 
a  repeat  of  the  design  is  given  in  Eigs.  385  (woven  speci¬ 
men),  and  Fig.  385a,  the  weave  compound.  Here,  in  the 
first  place,  the  weave-grouping  forms  in  light-coloured 
yarns  a  twilled  over  checking  of  corresponding  strength, 
whether  developed  in  the  warp  or  weft  yarns ;  and, 
secondly,  the  order  of  colouring  is  determined  by  the 
scheme  of  the  weave  elements.  It  runs  as  follows  : 

For 

48  threads. 

Black  and  white  twist  22222  2  2222 

Grey . 4  —  4  —  4  —  4  —  4 

White . —  8  —  8  —  8  —  8  —  — 

Black . —  —  —  8 - 8  —  — 

Stained  White  .  . - - — - —  8 

Portions  of  the  mat  effect  are  therefore  in  the  eight- 
and-eight  colouring,  so  that  the  result  is  a  star  checking 
in  black,  white,  grey  and  twist  yarns.  Any  method  of 
colouring,  such  as  3-and-3,  or  6-and-6,  not  coinciding  with 
the  weave  compound,  would  produce  an  unsatisfactory 
pattern.  The  construction  of  styles  of  this  character  re¬ 
lates,  first,  to  the  correct  selection  and  grouping  of  weave 
elements;  and,  second,  to  the  arrangement  of  colours  in 
both  warp  and  weft  to  suitably  define  its  several  parts. 
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COMPOUND  FABRICS 

228.  Definition  and  Uses  of  Backed  Clotlis— 229.  Methods  of  Con¬ 
structing  Two-Ply  Backed  Cloths — 230.  Cloths  Backed  with  Weft — 
231.  Principle  of  Backing  Simple  Twills — 232.  Effect  of  Irregular 
Tieing — 233.  Systems  of  Backing  Check  Designs  with  Weft — 
234.  Fancy  Weaves  Backed  with  Weft — 235.  Principle  of  Backing 
Union  Fabrics — 236.  Cloths  Backed  with  Warp — 237.  Howto  Back 
Cloths  with  Warp — 238.  Patterns  on  the  Under  Surface  of  Backed 
Textures — 239.  Insertion  of  the  Backing  Ties — 240.  Imitation  Backed 
Fabrics — 241.  Features  of  Double  Cloths — 242.  Various  Types  of 
Dcmble  Cloths — -243.  Method  of  Constructing  Double  Makes  — 
244.  Tieing  or  Stitching— 245.  Weft  Tieing — 246.  Centre  Warp 
Stitching — 247.  Three-aud-One  Double  Cloths  —  248.  Compound 
Weaves  for  Beaver  and  other  Overcoating  Cloths — 249.  Irregular 
Double  Makes — 250.  Structure  and  Application  of  the  Double-Plain 
Weaves — 251.  Double-Plain  Stripes — 252.  Three-and-Four  Thread 
Stripes — 253.  Revei’sible  Double  Plains — 254.  Cut  Double  Cloths 
—  255.  Interchanging  Double  Cloths — 256.  Wadded  Clotlis: — 
257.  Three-ply  Compound  Fabrics — 258.  Treble  Cloths. 

228.  Definition  and  Uses  of  Backed  Cloths. — Single¬ 
weave  cloths  differ  in  structure  from  backed  cloths.  In 
the  former  there  can  only  be  one  warp  and  one  weft — the 
threads  of  which  appear  on  both  surfaces;  in  the  latter 
there  maybe  either  two  warps  or  two  wefts — the  additional 
warp  or  weft,  as  the  case  may  be,  forming  the  back  of  the 
fabric.  A  backed  cloth  is  a  single  texture,  on  to  the  under¬ 
side  of  which  is  woven  a  hack  or  a  layer  of  threads  distinct 
from,  and  independent  of,  those  yarns  which  form  the  face 
or  upper  side.  Backed  fabrics  are  not  necessarily  double. 
Technically  a  marked  distinction  is  made  between  a  backed 
and  double-make  texture.  In  the  finished  condition  there 
are  some  features  in  which  these  cloths  resemble  each 
other.  But,  practically,  there  is  as  great  a  difference 

536 


COMPOUND  FABRICS 


537 


between  the  construction  of  backed  and  double  as  between 
backed  and  single  weaves;  for  a  double  cloth  is  twofold  in 
both  warp  and  weft,  and  a  backed  cloth  if  twofold  in  the 
warp  is  single  in  the  weft,  and  if  twofold  in  the  weft  is 
single  in  the  warp. 

Without  the  backed  principle  of  intertexture  it  would 
be  difficult  to  increase  the  weight  or  substance  of  the 
fabric,  and  at  the  same  time  retain  its  fine,  clear  surface. 
To  secure  the  fine  texture  characteristic  of  the  better 
qualities  of  worsteds  and  woollens,  yarns  small  in  diameter 
have  necessarily  to  be  used;  and  to  vary  the  thickness  and 
weight  of  a  single-make  fabric  the  yarns  have  either  to  be 
increased  in  size  or  more  closely  set  in  the  loom.  Such 
alterations,  as  examples  will  show,  change  the  appearance 
of  the  cloth.  Thus,  supposing,  in  the  first  instance,  to 
obtain  weight  thicker  yarns  are  employed.  Then  looser 
setting  would  be  a  necessity,  which  would  cause  the  weave 
to  be  composed  of  longer  floats,  and  therefore  be  of  a  more 
open  structure.  Second,  suppose  finer  yarns  were  used, 
and  the  number  of  threads  per  inch  proportionately  in¬ 
creased  to  the  difference  between  the  thickness  of  the 
yarns  in  the  original  and  the  new  sample;  in  this  instance 
the  weave  design  would  be  less  pronounced  in  effect. 
Providing  that  in  a  third  example,  the  same  counts  of 
yarns  were  used  as  in  the  original  fabric,  but  more  closely 
sleyed  or  set,  this  would  cause  the  make  in  the  cloth  to 
appear  cramped  or  compressed,  and  the  texture  itself  would 
be  unsatisfactory;  showing,  that  if  weight  or  thickness  is 
to  be  added  to  a  cloth  already  accurate  in  structure  or 
build,  it  will  not  have  to  be  effected  either  by  varying 
the  thickness  of  the  yarns  or  the  system  of  setting,  but 
by  applying  to  it  a  backing,  consisting  of  an  extra  series 
of  yarns  to  those  used  in  the  construction  of  the  face  tex¬ 
ture  and  design. 

229.  Methods  of  Constructing  Two-ply  Backed  Cloths. — 
There  are  two  methods  of  constructing  backed  weaves : 
first,  by  employing  two  series  of  weft  and  one  series  of 
warp  threads;  second,  by  employing  two  series  of  warp 
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and  one  series  of  weft  threads.  The  former  is,  perhaps,  the 
simpler  of  the  two  principles,  but  is  not  applicable  to  all 
the  requirements  of  backed  textures.  For  medium  and 
lower  qualities  of  cloths  it  is  well  adapted,  as  it  admits  of 
inferior  yarns  being  used  for  backing  purposes ;  a  thread 
of  such  coarseness,  in  fact,  that  it  would  almost  be  impos¬ 
sible  to  weave  it  in  the  warp.  On  the  other  hand,  there 
are  certain  advantages  in  backing  with  the  warp,  such 
as  one  shuttle  only  being  required,  and  also  the  practic¬ 
ability  on  this  principle  of  applying  to  the  back  of  the 
cloth  different  striped  patterns  due  to  warp  colouring. 
It  is  important  in  some  styles  of  backed  fabrics  that  both 
sides  should  resemble  each  other  as  near  as  possible.  The 
weft  method  of  backing,  when  coloured,  produces  bars  or 
stripes  of  colour  across  the  under- side  of  the  piece.  This 
is  one  of  the  reasons  why  the  warp  back  is  preferable  in 
the  manufacture  of  the  better  classes  of  fabrics. 

230.  Cloths  Backed  with  Weft. — These  cloths  may  be 
divided  into  three  classes — (a),  those  woven  one  pick  face 
and  one  pick  back  alternately;  (h),  woven  or  arranged 
two  picks  face  and  one  pick  back;  and  (c),  woven  three- 
and-one,  two-and-two,  etc.  These  methods  of  backing  are 
extensively  practised.  When  the  one-and-one  principle  is 
adopted,  the  backing  yarn  should  not  be  much  thicker  than 
the  face  yarn.  U nless  this  rule  is  adhered  to,  the  face  threads 
will  fail  to  satisfactorily  cover  the  yarns  used  in  the  forma¬ 
tion  of  the  back.  In  order  to  secure  an  even  surface  in  cloths 
backed  with  weft,  it  is  essential  that  approximately  the 
same  number  of  picks  should  be  woven  per  inch  on  the 
face  as  would  be  inserted  if  the  cloth  were  made  minus  the 
backing  weft — that  is  to  say,  if  a  piece  of  cloth  contains 
40  picks  on  the  inch  in  the  single  weave,  it  should,  to 
preserve  the  exact  proportions  of  the  structure  when  backed 
on  the  pick-and-pick  system — (a) — contain  about  80  picks. 
If  such  a  texture  were  backed  on  the  two-and-one  prin¬ 
ciple — ( b ) — 60  picks  would  be  satisfactory,  or  20  for  back 
and  40  for  face.  To  compensate  for  the  reduction  in  the 
number  of  picks  on  the  back  in  the  latter  instance,  the 
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backing  yarn  would  be  about  half  as  thick  again  as  that 
used  for  the  face.  It  should  be  remarked,  however,  that 
some  latitude  is  allowed  in  practice  in  producing  backed 
cloths,  as  the  style  of  fabric  required,  the  character  of  the 
pattern,  and  the  relative  thicknesses  of  face  and  backing 
yarns,  all  influence  the  number  of  picks  inserted  per 
inch. 

231.  Principle  of  Backing  Simple  Twills. — Figs.  386  to 
389  illustrate  four  different  methods  of  backing  the 
ordinary  four-heald  twill  with  weft.  The  f^j’s  in  each 
example  represent  the  backing  and  the  b’s  the  face  weaves. 
Figs.  386  and  388  are  principally  used  in  the  manufacture 
of  medium  and  coarse  set  cloths,  the  backing  picks  not 
passing  under  more  than  three  threads,  whereas  in  Figs. 


Fig.  386.  Fig.  386«.  Fig.  3866. 


Backing  weave 
for  Fig.  386. 

387  and  389  they  pass  under  seven  threads;  so  that  to 
produce  a  neat  back,  in  the  latter  weaves,  a  finer  set  is 
requisite.  There  is  one  principle  observed  in  the  structure 
of  each  weave — namely,  the  threads  on  which  the  backing 
“  ties  ”  are  placed  are  depressed  both  before  and  after  the 
insertion  of  the  backing  picks.  Thus  the  first  backing 
pick  of  Weave  386  takes  down  tile  second  thread,  which 
is  depressed  by  the  first  and  also  by  the  second  face  pick, 
causing  the  face  yarn  to  be  flushed  on  both  sides  of  the 
backing  weft.  The  object  of  fastening  the  backing  weft  on 
to  the  cloth  in  such  positions  of  the  design  as  here  indi¬ 
cated,  is  to  admit  of  it  being  entirely  concealed  by  the 
face  yarns.  If  the  backing  weave  were  arranged  on  the 
system  shown  in  Fig.  3865,  the  warp  threads  being  lifted 
on  both  sides  of  the  ties,  the  face  weft  would  not  suffi¬ 
ciently  cover  them ;  which  would  result  in  the  production 
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of  a  faulty  texture,  for  the  backing  yarns  would  destroy 
the  regularity  and  evenness  of  the  face  of  the  fabric. 

Fig.  387  forms  one  of  the  most  satisfactory  methods  of 
backing  the  cassimere  twill,  or  any  regular  make  occupy¬ 
ing  four  or  eight  shafts.  The  back  here,  as  seen  from  the 
eight-shaft  weave  387a,  is  sateen,  and  produces  a  soft,  full 
texture.  The  backing  weave  for  Fig.  386  (which  is  a 


Fig.  387 a. 

Backing-  weave 
for  Fig.  387- 


useful  method  of  backing  the  cassimere  twill  when  only  a 
limited  number  of  shafts  maybe  employed),  is  the  twill. 

The  two-and-one  principle  of  backing  is  illustrated  in 
Figs.  388  and  389.  The  only  difference  between  this  and 
the  one-and-one  system  consists  in  having  two  face  picks 
between  each  backing  pick  instead  of  one,  the  principle 
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Fig.  388. 


> 

X 

X 

IS 

>< 

.a. 

ustj-i  t t- 

Fig.  389«. 


Backing  weave  for  Fig.  389. 
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Fig.  389. 


of  constructing  the  back  being  the  same  in  both  systems. 
One  drawback  to  the  use  of  these  weaves  is,  each  warp 
thread  does  not  receive  the  same  proportion  of  stitching  or 
interlacing  by  the  backing  weft  yarns.  On  examining  the 
plans  it  will  be  found  that  the  backing  picks  only  inter¬ 
weave  with  the  odd  threads  in  the  design — in  other  words, 
they  are  under  the  second,  fourth,  sixth,  and  eighth  threads. 
Now,  every  thread  in  backed  fabrics  should,  as  far  as  prac¬ 
ticable,  be  stitched  alike.  Take  Fig.  387  as  an  example  of 
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a  design  backed  on  this  principle.  Here  each  thread  in  the 
pattern  is  stitched  down  once  by  the  backing  weft  in  sixteen 
picks  ;  the  same  rule  is  followed  in  Fig.  386,  namely,  each 
thread  is  depressed  once  in  eight  picks.  Both  designs  are 
constructed  on  the  basis  of  one  tie  on  each  thread  in  one 
“  round  ”  or  repeat  of  the  weave. 

232.  Effect  of  Irregular  Tieing . — An  important  principle 
obtaining  in  the  construction  of  backed  as  well  as  single 
cloths,  is  that  those  threads  of  the  warp  which  are  crossed 
or  interlaced  the  more  frequently  by  the  weft  yarns  take 
up  the  greater  length  of  yarn  in  weaving  the  piece.  This 
point  can  be  explained  by  referring  to  sketches  a  and  b, 
Fig.  390.  Thread  a  is  interlaced  by  the  weft  four  times  in 
sixteen  picks,  while  b  is  only  crossed  once.  The  frequent 
semi-circular  movements  which  a  forms  in  passing  under 
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Fig.  390. 


the  weft  threads  necessarily  cause  it  to  take  up  more  freely 
than  b.  In  order  to  weave  the  same  number  of  yards  of 
cloth  with  a  as  B,  the  former  would  require  to  be  of  a  greater 
length,  a  matter  which  could  only  be  regulated  by  the  use 
of  two  warp  beams.  Understanding  this  it  will  be  obvious 
that  Figs.  388  and  389  are  not  backed  on  the  best  possible 
system.  They  are  used  as  shown,  but  where  the  backing 
yarn  is  much  thicker  than  the  face  (as  in  inferior  fabrics), 
after  a  length  of  cloth  has  been  woven,  those  threads  on 
which  the  backing  ties  fall  work  tighter  than  other  threads 
in  the  weave,  and  are  likely  to  be  the  cause  of  “  streaky  ” 
places  in  the  piece.  The  thicker  the  backing  thread,  the 
more  pronounced  in  effect  and  the  more  distinct  the  faults 
ai'ising  from  such  stitching.  Where,  however,  the  backing 
weft  is  only  slightly  thicker  than  the  face,  a  considerable 
length  of  cloth  may  be  -woven  in  designs  so  backed  with¬ 
out  the  defects  being  traceable. 
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233.  Systems  of  Baching  Check  Designs  with  Weft. — In 
Figs.  3 9 In  and  3915  two  methods  of  backing  a  check 
pattern  are  given.  The  face  weave  in  both  examples  is 
twilled  hopsack,  checked,  or  the  design  in  Fig.  391.  There 
is,  however,  a  difference  in  the  methods  of  fitting  in  the 
backing  picks  of  the  two  weaves.  In  Fig.  391a  the  first 


Fig.  391. 

Face  weaves  for 
Figs.  391a  and  3916. 



Fig.  391a. 


Fig.  3916. 


backing  pick  is  inserted  between  the  second  and  third  picks 
of  the  face  weave,  and  the  second  backing  pick  between 
the  fourth  and  fifth.  This  arrangement  causes  the  “ties” 
on  the  fourth  backing  pick,  occurring  between  the  eighth 
and  ninth  face  picks,  to  be  partially  covered  with  the  weft 
flushes  of  these  picks ;  for  the  ninth  thread  in  the  design, 
on  which  one  of  the  ties  in  the  fourth  backing  pick  is 
placed,  is  lifted  on  the  eighth  face  pick,  and  the  second 


COMPOUND  FABRICS 


543 


thread  in  the  pattern  rises  after  the  “  tie  ”  on  the  eighth  or 
last  backing  pick,  so  that  in  both  these  cases  the  backing 
“  ties  ”  would  only  have  flushes  of  face  weft  yarn  on  one 
side.  By  this  method  of  pairing  the  picks  of  the  face 
weave,  it  is  impossible  to  avoid  defective  tieing,  for  picks 
1  and  16,  and  8  and  9  (Fig.  391)  cut  or  oppose  each  other, 
i.e.  the  white  or  blank  spaces  of  one  pick  meet  the  black 
squares  of  the  other.  A  different  arrangement  obtains  in 
Fig.  3915.  Here  the  picks  of  the  face  weave  are  paired  as 
follows  :  2nd  and  3rd;  4th  and  5th;  6th  and  7th;  8th  and 
9th;  10th  and  11th;  12th  and  13th;  14th  and  15th;  and 
16th  and  1st;  providing  correct  positions  for  the  insertion 
of  the  backing  ties.  Each  tie  in  this  design  is  placed 
between  weft  flushes  of  the  face  weave,  and  there  are  two 
ties  on  every  pick,  and  one  tie  on  each  thread.  In  backing 
check  designs  it  is  obvious  that  those  picks  of  the  face 
which  cut  each  other  should  be  coupled  together.  The 
more  complicated  the  combination  of  weaves,  the  greater 
the  difficulty  in  backing  the  design  in  such  a  way  as  to 
obtain  an  even  surface  on  both  sides  of  the  texture ;  but, 
as  a  rule,  by  varying  the  plan  of  pairing  the  shoots  a 
passable  back  may  be  applied  to  almost  any  class  of  weave 
pattern. 

234.  Fancy  Weaves  backed  with  Weft. — Fig.  392  is  a 
sixteen-shaft  plan,  arranged  to  be  woven  two  picks  face 
and  one  pick  backing.  To  back  the  designs  first  mark  the 
face  weave  on  point  paper,  omitting  the  spaces  on  every 
third  pick.  Now  decide  on  the  number  of  “ties”  to  be 
placed  on  each  backing  pick  and  each  thread  of  warp — say 
in  this  instance  two  “ties”  on  the  former  and  one  on  the 
latter.  Next  take  the  blank  picks  in  the  order  in  which 
they  occur  in  the  design,  and  insert  the  “ties”  in  such 
places  as  they  will  be  properly  hidden  in  the  woven  fabric. 
Thus,  in  treating  Fig.  392,  begin  with  the  backing  pick  a. 
The  8th  and  15th  threads  are  those  on  which  this  backing 
pick  should  be  tied.  Suitable  positions  for  stitching  pickB 
occur  on  the  1st  and  10th  threads,  and  on  the  3rd  and 
12th  threads  for  pick  c.  In  this  manner  the  backing  picks 
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should  be  dealt  with  separately,  care  being  taken  not  to 
tie  on  the  same  warp  thread  twice. 

235.  Principle  of  Backing  Union  Fabrics. — Two  other 
classes  of  weaves  backed  with  weft  applicable  to  union 
fabrics,  are  illustrated  in  Eigs.  393  and  394.  The  first  is  for 
a  texture  woven  with  a  cotton  warp  and  worsted  yarn  for 
face  and  woollen  yarn  for  backing.  The  weave  effect 
obtained  in  these  fabrics  is  due  to  flushes  of  worsted  weft, 
the  woollen  yarn  forming  the  back  of  the  texture,  and  the 
cotton  warp  being  employed  to  knit  the  two  wefts  to¬ 
gether,  and,  by  limiting  the  sizes  of  the  floats  of  the 
yarns,  to  form  the  effect  designed.  Patterns  for  a  low 
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Fig.  392. 


Fig.  393. 


quality  of  coatings  are  produced  on  this  principle  of  inter¬ 
texture.  In  Fig.  393  the  «’s  represent  the  effect  of  the 
worsted  yarn,  and  the  fjg’s  the  backing  picks.  The  main 
point  to  observe  is  to  arrange  the  structure  of  the  face 
weave  in  such  a  manner  as  the  cotton  warp  will  be  ren¬ 
dered  invisible  in  the  woven  piece.  This  yarn  should  not 
be  discernible  on  either  the  face  or  under-side  of  the  fabric. 

Another  class  of  backed  cloths  in  which  cotton  is  used 
are  manufactured  of  worsted  yarn  for  warp,  and  woven 
with  cotton  and  woollen  weft.  The  weave  pattern  is  now 
due  to  the  system  of  flushing  the  worsted  warp.  The 
cotton  weft  defines  the  dimensions  of  the  warp  flushes, 
and  causes  them  to  be  arranged  in  the  precise  order  in  the 
woven  cloth  as  in  the  design.  Tieing  on  the  backing  weft 
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is  effected  by  depressing  the  warp  threads.  These  textures 
are  more  difficult  to  construct,  both  in  the  loom  and  in 
backing,  than  the  preceding  class.  In  order  to  cover  the 
cotton  and  woollen  yarns,  the  worsted  warp  has  to  be 
closely  set  in  the  healds  and  sley.  Fig.  394  is  a  design  for 
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Fig.  394. 


Face  weave  of 
Fig.  394. 


these  fabrics.  The  ^’s  represent  the  stitches  on  the  back¬ 
ing  picks,  and  the  ■  :s  the  plan  on  which  the  cotton  weft 
intersects  the  warp  threads.  The  n’s  in  Fig.  394a  show 
the  effect  of  the  worsted  yarn  on  the  face  of  the  texture. 
In  weaving,  the  first  pick  of  design  would  be  cotton,  and 
the  second  pick  woollen. 

Union  beaver,  melton,  rug,  and  other  heavy  cloths 


Fig.  395. 


Marks = weft  in  all  weft-backed  fabrics. 


produced  in  a  cotton  warp  and  in  mungo,  shoddy,  or  low 
woollen  weft,  are  made  in  weaves  backed  TU  M,  -A ,  -3—, 
and  with  the  same  effect  on  both  sides.  Figs.  395, 
395a,  396,  397,  398,  400,  and  401  are  .j1  broken  twill, 
twill,  sateen,  and  sateen.  Figs.  398,  399,  401, 
are  used  in  the  manufacture  of  cloths  with  a  finer  and 
smaller  quality  of  yarn  for  face  than  backing,  but  Figs. 

N  N 
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396,  397,  and  400  require  the  counts  of  the  two  yarns — 
face  and  back— to  be  similar  if  differing  in  quality.  Fig. 
399  is  a  twelve-shaft  twill  on  the  face. 

Stripe,  check,  and  various  patterns  are  producible  in 
this  class  of  backed  “  union  ”  when  the  weaves  are  arranged 
on  the  pick-and-pick  base.  They  may  be  combined  in  the 
manner  shown  in  Fig.  396,  and,  if  woven  one-and-one, 
give  the  form  of  pattern  due  to  the  method  of  weave 
combination.  Thus,  if  the  wefting  for  Fig.  396  were  one 
pick  dark  shade  and  one  pick  light  shade,  Sections  A  would, 
in  the  fabric,  be  developed  in  the  former  on  the  face,  and 
in  the  latter  on  the  back,  and  Sections  b  with  the  light 
shade  on  the  face  and  the  dark  shade  on  the  back.  By 
this  interchanging  of  the  picks  of  the  weaves  and  therefore 
of  the  two  colours  of  weft  combined,  any  simple  or  figured 
style  of  design  may  be  woven. 

236.  Cloths  Backed  with  Warp. — -When  backing  with 
weft  one  series  of  warp  threads  interweaves  with  two 
series  of  weft  or  filling  threads ;  but  when  backing  with 
warp ,  one  series  of  weft  threads  interweaves  with  two 
series  of  warp  threads.  Further,  a  weft  back  is  stitched 
to  the  face  of  the  texture  by  bringing  the  backing  weft 
yarns  over  the  warp  threads,  but  the  tieing  in  fabrics 
backed  with  warp  is  effected  by  bringing  the  yarns  of 
the  backing  warp  over  the  picks  or  shoots.  In  all  warp- 
backed  fabrics  the  warp  for  the  back  works  independent 
of  that  forming  the  face — the  warps  are,  in  fact,  drawn  on 
separate  shafts,  and  may  in  consequence  be  made  to  pro¬ 
duce  different  weaves.  There  is  not,  however,  much 
variety  of  plan  applied  to  the  under-surface  of  these  cloths, 
the  weaves  generally  being  of  a  sateen  or  warp  twill  char¬ 
acter.  The  face  weaves  are  not  so  limited  in  variety;  here 
many  types  of  crossing  are  employed.  Fine  worsted  and 
woollen  fabrics  are  backed  on  this  system.  The  yarn  used 
in  the  backing  warp  is,  as  a  rule,  about  the  same  size  or 
thickness  as  that  used  for  the  face,  the  cloths  containing 
a  larger  number  of  threads  than  picks  on  the  inch. 

237.  How  to  Back  Cloths  with  Warp. — The  order  of  the 
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threads  in  the  warp  in  making  this  style  of  backed  fabrics 
is  frequently  one  thread  face  and  one  thread  back ;  but 


the  two-and-one  order  is  also  practised.  When  the  latter 
method  is  adopted,  thicker  yarns,  and  of  a  coarser  quality 
than  those  forming  the  face  warp  and  weft,  are  used  for 
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backing  purposes.  An  elementary  example  on  the  one- 
ancl-one  base  is  given  in  Fig.  402,  which  is  composed  of 
Eigs.  402a  and  4026.  The  compound  make  is  constructed 
thus :  The  first  thread  of  Fig.  402a  is  transferred  on  to 
the  first  thread  lettered  a  of  Fig.  402,  the  second  thread 
on  to  the  second  thread  a,  the  third  thread  on  to  the  third 
thread  a,  and  so  on  throughout  the  weave.  After  the  face 
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Fig.  4026. 
(Backing  weave  of 
Fig.  402.) 


weave  has  been  dealt  with  the  backing  weave  is  added, 
taking  the  threads  in  the  order  in  which  they  are  arranged 
in  Fig.  4026.  The  “ties”  (i.e.,  those  places  in  the  design 
where  the  backing  warp  threads  are  lifted)  should  be 
planned  to  fall  in  such  positions  of  the  design  as  to  have 
face  warp  threads  raised  on  each  side. 

Warp-backed  designs  increase  the  number  of  shafts : 
and  this  feature  limits  the  application  of  the  principle  in 
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the  manufacture  of  low-class  fabrics.  Thus,  the  cassimere 
twill  may  be  satisfactorily  backed  with  weft  on  four 
shafts,  but  it  requires  twelve  shafts  when  backed  with 
warp — four  for  the  face  and  eight  for  the  backing  weave. 

238.  Patterns  on  the  Under  Surface  of  Backed  Textures. 
— The  nine-shaft  corkscrew  backed  with  warp  forms  the 
design  sketched  in  Fig.  404.  It  will  be  seen  that  the 
system  of  constructing  this  weave  is  the  same  as  that 
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already  explained  in  referring  to  Design  402.  The  prin¬ 
ciple  on  which  a  striped  pattern  of  various  colours  is 
obtained  on  the  back  of  these  cloths  may  be  illustrated. 
As  there  are  two  warps  employed  there  may  be,  when  the 
face  is  coloured  with  one  arrangement  of  yarns  and  the 
back  with  another,  two  distinct  patterns  of  warp.  Thus, 
supposing  the  order  of  shades  for  the  face  to  be  as  follows  : 
g  1 1  end  of  black  worsted. 

U  «  grey  » 

I  ,,  black  worsted  and  silk  twist. 

1  n  grey  „  „ 

1  ,,  black  ,,  ,, 

24  ends  of  black  ,, 

—then  the  backing  warp  might  be  a  simple  striped  pattern 
of  two  colours,  say  eighteen  threads  of  black  and  eighteen 
threads  of  grey  ;  or  the  same  as  that  forming  the  face 
minus  the  worsted  and  silk  twist  yarn. 

The  patterns  applied  to  the  under  side  of  these  fabrics 
should,  generally,  be  of  a  similar  character,  in  shades  and 
form  of  striping,  to  the  patterns  developed  on  the  face,  but 
it  is  an  economical  practice  to  reduce  the  number  of 
colours  used  in  the  backing  and  also  to  simplify  the  style. 

239.  Insertion  of  the  Backing  Ties. — The  usual  method 
of  applying  the  ties  or  stitches  is  by  opening  out  the  picks 
or  threads  of  the  face  design ;  but  for  theoretical  purposes 
the  designs  may  be  prepared  as  in  Figs.  405  and  406. 
The  — ’s  equal  weft  ties;  and  the  |’s  equal  warp  ties  ;  or 
they  form  the  scheme  of  backing  for  the  respective  plans, 
as  is  clear  from  the  opened  out  sections  to  which  they 
correspond  in  Figs.  405a  and  406a. 

The  principle  of  warp  and  weft  backing,  as  seen  from 
the  examples  explained,  are  identical,  hence  it  follows 
that  if  warped-backed  designs  are  turned  round,  and  the 
value  of  the  marks  reversed,  they  become  wg/’f-backed,  and 
if  weft-backed  designs  are  similarly  changed  they  form 
zrarp-backed  fabrics. 

240.  Imitation  Backed  Fabrics. — There  are  two  prin¬ 
ciples  of  construction  in  these  fabrics,' 'namely,  “  imitation  ” 
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Fig.  405 a. 


Fig.  406. 


Fig.  406«. 


A  =  section  showing  insertion  of 
I's  backing  warp  stitches. 
Marks  =  warp. 


Section  A  of  Fig.  406 
opened  out. 
Marks  =  warp. 
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in  the  weft,  and  u  imitation  ”  in  the  warp.  A  feature  char¬ 
acteristic  of  the  textures  is,  that  while  the  under-surface 
has  the  appearance  of  an  ordinary  backed  fabric,  yet 


Examples  in  “  Imitation  ”  Weft-backed  Structures. 

whether  constructed  on  the  former  or  the  latter  principle, 
all  threads  and  picks  weave  alternately  on  both  sides  of 
the  cloth.  This  is  not  feasible,  as  is  understood  from  the 
examples  in  backing,  if  the  weaves  are  arranged  to  be 
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backed  either  in  the  warp  or  in  the  weft.  As  a  result, 
only  one  kind  of  yarn  is  useable,  when  the  weaves  are 
constructed  on  the  imitation  weft  base,  and  one  kind  of 
warp  when  constructed  on  the  imitation  warp  base,  and 
not  two  qualities  as  in  the  manufacture  of  ordinary  backed 
fabrics.  Provision  is  not  made  in  the  construction  of  the 
weave  for  cheapening  the  cloth  by  using  two  qualities  of 
yarn,  one  for  the  face  and  one  for  the  backing. 


Examples  in  “  Imitation”  Warp-backed  Structures. 

I.  Imitation  Backed  Textures:  Weft  Principle. 
Ordinary  twilled  weaves  may  be  arranged  either  one-and- 
one  as  in  Plans  407  and  407a,  and  in  the  twilled  mat  4075 ; 
or  two-and-one  as  in  Plans  408,  408a,  and  4085.  The  prin¬ 
ciple  of  construction — Plan  407— is  that  the  odd  picks  are 
grouped  to  form  a  weft  twill  consisting  of  a  float  of  two 
threads,  and  the  even  picks  a  second  weft  twill  also  of  two 
threads.  Weave  407a  is  the  same  base  of  construction,  but 
has  a  float  of  three  in  the  weft,  and  a  float  of  three  in  the 
warp.  When  the  picks  are  not  floating  on  the  face  to  make 
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the  weft  twill,  they  interweave  on  the  back;  thus,  the  first 
pick  floats  over  the  threads  1  and  2,  then  under  threads  3 
to  9  inclusive;  the  second  pick  floats  under  threads  1  to 
5,  over  6  and  7,  and  under  8  and  9.  In  this  way  the  picks 
in  succession  make  a  twill  on  the  face,  with  the  floating 
weft  on  the  back.  In  Plans  408,  408a,  and  4086,  the  picks 
are  grouped  together  in  two’s :  they  may  also  be  grouped 
in  three’s,  but  the  two  common  methods  of  arrangement 
are  one-and-one,  and  two-and-one,  as  shown  in  these 
examples.  Plan  408  gives  a  twill ;  Plan  408a,  ^  twill ; 
and  Plan  4086,  a  twill  equal  to 

II.  Imitation  Warp  Principle.  All  weaves  arranged 
on  the  weft  principle,  when  inverted  or  turned  round, 
are  applicable  to  imitation  warp-backed  fabrics,  allowing, 
as  in  the  weft  principle,  for  the  grouping  of  the  threads 
singly  or  in  two’s  and  three’s.  Plans  409  and  409a  are 
examples  corresponding  to  Plans  407  and  408  on  the  weft 
principle.  Various  weaves  may  be  used,  and  re-arranged 
and  converted  into  imitation  warp-  or  weft-backed  tex¬ 
tures.  Thus,  Design  4096  is  derived  from  Plan  409c,  by 
opening  out,  as  indicated,  the  threads  of  the  base  weave. 

III.  Imitation  Backed  Weaves  on  a  Sateen  Base. 
The  principle  here  is  to  extend  the  weave,  but  in  such 
a  way  as  to  retain  the  original  structure,  and  yet  to 
produce  a  fabric  in  which  the  base  weave  effect  would  be 
developed.  Examples  are  given  in  Figs.  410,  410a,  411, 
411a,  412,  412a.  Not  considering  the  IE’s  in  Fig.  410a, 
which  are  simply  the  stitches,  take  the  first  pick,  which  is 
a  repetition  of  the  first  pick  in  Fig.  410,  from  thread  1  to 
10,  when  it  passes  on  to  the  under  side  of  the  texture. 
Pick  2  begins  on  the  8th  thread,  and  continues  over  two 
threads,  like  the  corresponding  pick  in  Fig.  410.  The 
number  of  threads  between  the  squares  of  the  first  and 
second  picks  determines  the  interval  of  the  “  move  ”  from 
one  pick  to  the  following  pick.  This  is  such  that  the  third 
pick  of  the  extended  or  imitation  backed  design  continues 
with  the  marks,  a’s,  as  started  on  the  first  pick  and  follow¬ 
ing  in  the  same  order.  As  in  weaving  the  fabric,  the 
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odd  and  even  picks  of  the  plan  pair  with  each  other 
respectively,  the  resemblance  to  the  base  weave  is  main- 
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Fig.  410a. 


Fig.  412a. 


Examples  in  “  Imitation  ”  Weft-backed  Structures  on  extended  Sateen 

Weave  Bases. 


tained.  Eigs.  411  and  411a  are  a  second  example  on  a 
similar  sateen  base  to  Fig.  410. 

The  degree  of  extension  may  be  varied  according  to  the 


COMPOUND  FABRICS 


555 


fineness  of  setting  of  the  imitation  backing  to  be  produced ; 
as,  for  example,  in  Fig.  412a,  derived  from  Fig.  412.  After 
applying  a  part  of  the  first  pick  of  Fig.  412  to  412a,  the 
second  pick  is  started  on  the  12th  thread,  and  the  third 
pick  on  23rd  thread,  which,  by  completing  the  scheme  of 
interlacing  on  the  29th  thread,  brings  the  weft  floats  to 
the  correct  positions  for  developing  the  small  effect  which 
is  the  motive  in  the  weave  base,  Fig.  412.  These  weaves, 
like  ordinary  imitation  weft-backed  plans,  when  inverted, 
are  applicable  to  imitation  warp  backed  plans. 

241.  Features  of  Double  Cloths. — When  backing  with 
warp  or  weft  simply,  although  a  different  weave  is  pro¬ 
ducible  on  the  back  to  that  acquired  on  the  face  of  the  tex¬ 
ture,  yet  the  weave  on  the  under  surface  has  invariably  to 
be  arranged  to  conform  to  the  construction  of  the  face  de¬ 
sign.  A  warp  back,  in  order  to  cover  well  and  possess  a 
satisfactory  appearance,  must  necessarily  be  constructed  on 
the  “floating”  principle,  that  is  to  say,  the  weaves  must 
be  of  a  sateen  or  warp  twill  type,  which  implies  that  few 
crossings  are  suitable  for  backing  this  class  of  fabric. 
An  attempt  to  back  such  cloths  Avith  makes  of  a  common 
twill  or  mat  description  would  result  in  destroying  the 
uniformity  of  the  face  of  the  fabric.  Hence  it  is  appar¬ 
ent  there  is  little  scope  for  varying  the  weave  effect  on 
the  underside  of  cloths  thus  backed.  The  same  principle 
is  involved  in  backing  with  weft ;  but  in  this  case  the 
backing  weave  flushes  or  floats  the  weft  instead  of  the 
warp,  the  dimensions  and  plan  of  the  flushes  being  deter¬ 
mined,  as  stated  above,  by  the  structure  of  the  design 
employed  in  the  formation  of  the  face  of  the  fabric.  On 
both  these  principles  of  backing  satisfactory  cloths  may 
be  produced,  but  the  weaves  only  being  partly  double 
may  not  be  made  to  form  that  diversity  of  texture  which 
obtains  in  double-weave  cloths.  Of  course,  as  already 
explained,  when  backing  with  warp  one  order  of  colour¬ 
ing  may  be  applied  to  the  face  and  a  second  order  to  the 
back,  but  the  pattern  on  the  under  side  being  formed 
entirely  by  the  warp  yarns  is  necessarily  of  a  striped 
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character.  Again,  there  is  a  class  of  rugs  made  of  the 
backed  weaves — Figs.  395  and  397— figured  on  both 
surfaces,  but  that  such  a  fabric  is  not  reversible, 
strictly  speaking,  is  evident  from  the  colourings  in  these 
textures  always  being  applied  in  the  weft  and  forming 
stripes  across  the  piece.  Warp  colouring  in  this  type 
of  design  would  not  in  the  least  change  the  appearance 
of  the  pattern,  for  the  weft  yarns  on  both  sides  of  the 
cloth  completely  hide  the  warp  threads,  so  that,  as  in 
union  cloths,  the  warp  threads  in  this  weave  merely 
act  as  the  agent  for  binding  the  two  wefts  together. 
Evidently  if  these  two  systems  of  backing  were  combined, 
they  would  form  a  class  of  weave  in  which  the  same  effect 
could  be  woven  on  both  sides  of  the  fabric.  What  one 
system  lacks,  the  other  possesses.  Thus,  while  backing 
with  two  warps  affords  facility  for  the  development  of 
pattern  on  the  under  surface  of  the  cloth,  backing  with 
weft  admits  of  colouring  across  the  piece.  A  double- weave 
(Fig.  4156)  produces  a  cloth  backed  with  both  warp  a.nd 
weft,  or  one  into  which  the  two  principles  of  backing, 
already  described,  enter.  Such  a  weave  forms  a  twofold 
texture.  In  a  double-make  each  weave  determines  the 
lifting  and  depression  of  a  separate  series  of  warp  and  weft 
threads,  thus  making  it  feasible  to  apply  the  same  style  of 
pattern  to  both  surfaces  of  the  fabric. 

The  advantages  of  using  double-weaves  in  backing 
cloths  over  the  system  of  backing  with  warp  or  weft  are  : 
1st,  the  same  design  and  colourings  may  be  employed 
on  both  sides  of  the  cloth ;  2nd,  a  more  regular  back  may 
be  constructed;  and,  3rd,  a  larger  variety  of  patterns  is 
obtainable  with  a  more  perfect  texture. 

242.  Various  Types  of  Double  Cloths. — There  are  five 
distinct  classes  of  double-weaves. 

I.  Structures  in  which  there  is  an  equal  number  of 
threads  on  the  back  as  on  the  face  of  the  fabric,  or  cloths 
warped  and  woven  one  thread  face  and  one  thread  back. 

II.  Cloths  in  which  two-thirds  of  the  warp  and  weft 
yarns  appear  on  the  face  and  one-third  on  the  back  of 
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texture,  or  fabrics  warped  and  woven  two  threads  face  and 
one  thread  back. 

III.  Double-makes,  in  which  three-fourths  of  the  warp 
and  weft  yarns  appear  on  the  face  and  one-fourth  on  the 
back  of  the  cloth,  or  fabrics  warped  and  woven  three 
threads  face  and  one  thread  back. 

IV.  Designs,  double  in  structure,  arranged  on  an 
irregular  base. 

V.  Wadded  double-weaves,  or  double-make  cloths,  in 
which  (a)  an  extra  and  separate  series  of  warp  yarns  is 
used;  (5)  an  extra  series  of  weft  yarns;  and  (c)  an  extra 
series  of  both  warp  and  weft  yarns  to  those  forming  the 
face  and  backing  fabrics  respectively,  and  in  each  case 
run  between  the  face  and  backing  textures,  not  interfering 
or  changing  the  structure  of  either  one  or  the  other. 


Fig.  413. 

Face  Weave.  Backing  Weave. 

243.  Method  of  Constructing  Double-Makes. — In  making 
a  double-cloth  design  it  is  always  necessary  to  determine 
at  the  outset  to  which  of  the  five  classes  enumerated  it  is 
intended  to  belong.  Having  decided  this  point,  the  ques¬ 
tion  arises  as  to  the  weaves  for  the  respective  surfaces  of 
the  cloth :  because,  although  the  face  of  the  fabric  may 
simply  consist  of  a  small  twill,  yet  either  the  same,  or 
another  weave  of  a  different  construction,  will  require  to 
be  used  for  the  under  side  of  the  texture,  and  until  the 
weaves  have  been  selected  the  construction  of  the  design 
cannot  be  proceeded  with.  Suppose  it  is  required  to  make 
a  double  cloth  in  which  the  yarns  are  to  be  arranged  one 
thread  face  and  one  thread  back  alternately,  and  the  face 
weave  to  be  twilled  hopsack  or  Fig.  413,  and  the  backing 
weave  cassimere  twill  or  Fig.  414;  then  mark  out  on 
point  paper  the  backing  threads  and  picks.  These  are 
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represented  in  Fig.  415  by  the  threads  and  picks  marked 
in  grey.  This  done,  run  the  face  weave  on  to  the  un¬ 
marked  threads  or  those  lettered  /,  Fig.  415a.  Next 
transfer  the  backing  weave  on  to  the  threads  and  picks 
lettered  b.  Although  the  weaves  have  thus  been  placed 
on  separate  threads  and  picks,  yet  the  construction  of  the 


Fig.  415. 


Fig.  415r«. 


design  is  not  complete.  It  will  be  seen  that  when  the 
face  picks  are  entering  the  warp  all  the  backing  threads 
are  lifted.  One  primary  object  in  making  backed  weaves 
is  that  of  effectively  covering  the  backing  with  the  face 
yarns ;  or,  in  other  words,  of  preventing  the  threads  used  in 
the  formation  of  the  under  side  of  the  cloth  from  being 
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Fig.  4156. 


■  ’s  =  Face  weave. 
g)'s  =  Back  „ 

gj  ’s  =  Depressing 
Marks  on  Backing 
Threads. 

gj's=Ties  or 
Stitches. 


detrimental  to  the  face  of  the  texture.  It  is  not  enough, 
therefore,  to  have  placed  one  weave  on  the  threads  and 
picks  of  the  design  representing  the  face  fabric,  and  a 
second  weave  on  the  threads  and  picks  representing  the 
backing  fabric.  The  threads  of  the  backing  warp  must 
be  depressed  during  the  introduction  of  the  face  picks 
into  the  face  warp.  An  invariable  rule  is,  that  all  the 
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backing  threads  (with  the  exception  of  those  which  tie 
or  stitch  the  two  cloths  together)  should  be  down  on  the 
face  picks ;  while,  on  the  other  hand,  the  face  threads 
should  all  be  lifted  on  the  backing  picks.  In  order,  there¬ 
fore,  to  complete  this  design,  it  will  be  necessary  to 
depress  the  backing  threads  on  each  of  the  face  picks. 
This  can  be  done  by  marking  the  threads  as  indicated 
in  Fig.  4155  by  the  diagonal  lines  thus  |||.  The  second 
condition,  that  all  the  face  warp  should  be  lifted  on 
the  picks  of  the  backing  weft,  is  already  complied 
with ;  so  that  the  design  should  now  form,  if  put  into  the 
loom,  two  cloths,  the  upper  one  being  twilled  hopsack  or 
mat  and  the  lowTer  one  the  cassimere  twill.  The  question 
is,  will  the  weave  in  Fig.  4155  give  these  results?  Let 
the  construction  of  the  design  be  briefly  re-examined.  In 
the  first  place  the  weave  in  Fig.  413  was  transferred  on  to 
the  threads  lettered  /,  then  Weave  414  on  to  the  threads 
5,  so  that  the  two  weaves  were  applied  to  their  respective 
threads  and  picks.  It  was  then  found  that  the  back¬ 
ing  warp  yarns  being  unmarked  (Fig.  415a)  were  lifted 
on  the  face  picks,/.  This,  of  course,  would  prevent  the 
formation  of  a  proper  face  texture,  for  the  backing  yarns 
would  be  floating  on  the  upper  surface  of  the  cloth.  These 
threads  were,  therefore,  marked,  which  depressed  them, 
and  admitted  of  the  face  weft  being  woven  into  the  face 
warp,  and  the  backing  weft  into  the  backing  warp;  and, 
by  this  means,  allowed  of  two  distinct  cloths  being  pro¬ 
duced  according  to  the  structure  of  the  weaves  given. 
From  which  it  may  be  observed  that  the  marks,  ||||,  do 
not  in  reality  alter  the  weave  effect  produced— they  simply 
prevent  the  yarns  of  the  backing  warp  from  rising  during 
the  formation  of  the  upper  cloth. 

244.  Tieing ,  or  Stitching.  —  The  design,  as  now  ar¬ 
ranged,  would,  if  woven,  make  two  fabrics  separate  from 
each  other.  For  some  classes  of  cloths — “  circulars  ” — 
the  weave,  as  here  formed,  would  do  all  that  is  re¬ 
quired,  with  the  exception  of  uniting  the  two  textures 
at  the  listings  to  save  the  labour  of  sewing.  In  cloths  for 
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garments  this  is  not  sufficient.  The  distinct  fabrics  must 

<D 

be  fastly  stitched  together,  in  order  that  they  may  be  made 
to  handle  and  pass  as  a  single  cloth.  If  the  cloths  are 
only  indifferently  tied,  the  wearing  qualities  of  the  two¬ 
fold  texture  will  suffer.  Fabrics  are  made  in  which  the 
face  parts  from  the  backing  after  a  brief  period  of  wear, 
in  consequence  of  unsatisfactory  tieing. 

There  are  two  modes  of  stitching — first,  by  bringing 
backing  warp  threads  over  face  picks ;  and  second,  by 
bringing  backing  weft  picks  over  face  warp  threads.  As 
to  which  is  the  better  method,  it  may  be  said  that  the 
former  gives  the  more  satisfactory  results  for  at  least  two 
reasons — firstly,  the  yarns  used  for  the  backing  warp  are 
smaller  in  size  and  of  a  better  quality  than  those  used  for 
the  backing  weft,  and  hence  are  not  so  liable  to  be  seen 
when  brought  on  to  the  face  of  the  fabric ;  secondly,  warp 
ties  are  better  concealed  in  scouring  and  milling  than  weft 
ties,  in  consequence  of  the  cloths  shrinking  somewhat  more 
freely  in  the  direction  of  the  weft  than  in  the  direction  of 
the  warp  yarns.  When  stitching  with  the  warp,  there 
should  be,  if  possible,  a  face  thread  elevated  on  each  side 
of  the  tie.  Thus  in  Fig.  4155  the  ties,  |§*]’s  (which  would 
be  lifted  in  weaving),  are  inserted  in  such  positions  in  the 
design  that  face  threads  rise  on  both  sides  of  them.  Take, 
for  instance,  the  tie  on  the  first  backing  thread,  which,  it 
will  be  noticed,  has  a  face  thread  raised  on  the  same  pick 
on  each  side  of  it,  namely,  on  the  1st  and  3rd  threads. 
This  has  a  tendency  to  conceal  the  ties.  Again,  the  stitches 
should  always  be  arranged  on  a  sateen  principle  if  the 
weave  admits  of  it.  This  type  of  crossing  forms  the  best 
possible  system  on  which  to  arrange  the  ties  in  backing 
ordinary  weaves.  If  the  stitches  run  in  a  diagonal  line  in 
the  design,  they  are  apt  to  form  a  contrary  twill  in  the 
woven  fabric  to  that  of  the  weave  employed  in  the  pro¬ 
duction  of  the  face.  Hence  to  back  the  four-shaft  twill 
on  the  principle  in  Fig.  416,  and  tie  as  there  shown,  pro¬ 
duces  a  cross  twill;  while  to  arrange  the  ties  as  seen  in 
Fig.  417  causes  one  furrow  or  rib  of  the  face  weave  to 
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appear  somewhat  fuller  than  another.  Tieing  should,  there¬ 
fore,  always  be  clone  on  a  well-defined  principle.  Stitches 
should  not  be  introduced  where  face  threads  are  lifted 
without  due  consideration  being  given  to  arrangement.  A 
systematic  basis  should  always  be  adopted  where  possible, 
and  for  this  purpose  the  sateen  is  suitable,  because  it 
distributes  the  ties  evenly  and  yet  is  the  least  liable,  on 


m’s=Ties. 

account  of  its  structure,  to  alter  the  condition  of  the  face 
design. 

245.  Weft  Tieing. — Next  as  to  tieing  with  the  weft  yarn 
(Fig.  418).  If  the  principle  of  backing  cloths  with  weft  is 
understood,  this  mode  of  stitching  will  not  afford  any 
difficulty.  On  this  system  of  tieing,  the  backing  picks 


Fig.  418. 

■’s  =  Face  Weave,  gg ’s  =  Backing  Weave,  gg ’s  =  Threads  depressed. 
gps=Weft  Stitches. 

have  to  be  made  to  depress  the  face  threads.  They 
should,  however,  only  do  this  in  such  positions  in  the 
design  as  they  will  be  covered  with  face  weft,  so  that  the 
rule  in  tieing  double  fabrics  with  the  backing  weft  is  the 
same  as  in  backing  cloths  with  weft  only — namely,  there 
should  be  flushes  of  face  weft  on  each  side  of  the  tie.  This 
method  of  tieing  is  very  useful  in  some  double  weaves. 
Fig.  418,  for  example,  is  a  design  in  which  it  may  be 

o  o 
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advantageously  employed.  The  compact  flushes  of  face 
weft  in  weaves  of  this  class  completely  conceal  the  ties. 
Sometimes  weaves  are  stitched  on  both  systems,  but  this 
is  generally  unnecessary.  The  ties,  £§’s,  in  weft  stitching 
represent  threads  depressed. 

246.  Centre  Warp  Stitching. — Centre  or  extra  warp 
stitching  is  useful  in  the  manufacture  of  fabrics  with 
patterns  contrasting  in  colour  or  in  counts  of  yarns  for 
the  face  and  under  sides  of  the  cloth — e.g.  golf  cloakings, 
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Fig.  419a. 


Fig.  419. 


Fig.  4196. 


lined  overcoatings,  etc. — and  which  render  stitching  by 
the  ordinary  methods  impracticable  without  producing 
defects  due  to  tieing.  The  compound  weaves  are  of  the 
usual  construction,  with  centre  warp  threads  added  at 
suitable  intervals  for  satisfactorily  securing  the  face  and 
backing  textures  to  each  other.  In  Figs.  419,  419a,  and 
4196,  the  stitching  threads  are  tied  to  the  upper  fabric  by 
the  U’s,  and  to  the  lower  fabrics  by  El’s,  the  j^j’s  in¬ 
dicating  that  the  centre  warp  is  inactive  or  between  the 
two  textures.  Fig.  419  only  contains  one  stitching  thread 
in  one  repeat  of  the  weave.  This  is  not  satisfactory,  as  the 
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ties  occur  in  one  line  of  the  fabric,  and  do  not  alternate 
in  positions  as  in  Figs.  419a  and  4195. 

247.  Three-ancL-one  Double  Cloths. — This  principle  of 
cloth  construction  is  not  so  common  as  the  thread -and- 
thread  and  two-and-one  principles.  Still  it  has  an  advan¬ 
tage  over  the  two  latter,  inasmuch  as  a  larger  proportion 
of  the  warp  and  weft  yarns  in  the  fabric,  are  useable  for 
the  face.  Design  420  is  an  example  in  which  a  12-shaft 
weave  has  been  applied  to  the  face,  and  a  4-shaft  to  the 
back.  So  far  as  the  method  of  working  out  the  design  is 
concerned,  it  resembles  the  double  weaves  already  ex¬ 
plained.  The  backing  yarn  in  this  type  of  weave  may  be 
much  thicker  than  the  face,  which  mav  also  be  considered 


useful  in  the  manufacture  of  certain  cloths,  because  the 
fineness  of  the  latter  may  be  retained  and  yet  an  inex¬ 
pensive  yarn  used  for  the  under-surface.  One,  scheme  of 
construction  is  as  follows  : 


Warp. 

3  threads  of  2/60’s  worsted. 

1  thread  of  22  skeins  wool. 

18’s  reed  6’s. 

Weft. 

3  picks  of  2/60’s  worsted. 

1  pick  of  8  skeins  wool. 

96  picks  per  inch. 

In  weaving  compound  fabrics  it  is  the  practice  where 
the  face  and  backing  yarns  are  not  of  the  same  counts  to 
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have  the  respective  warps  on  separate  beams  and  healds. 
As  the  backing  warp  is  the  inferior  of  the  two  and  the 
more  liable  to  cause  the  weaver  difficulty  in  the  loom,  it  is 
drawn  on  to  the  front  set  of  healds.  This  necessitates  the 


A  Backing  Healds. 


Fig.  420m. 


ii  =  Face  I  leal  (Is. 


healding  draft  and  pegging  plans  being  prepared  on  the 
basis  indicated  in  Figs.  420 a  and  420 b.  These  figures, 
which  show  the  method  of  reducing,  Fig.  420,  are  illus¬ 
trative  of  the  principle  of  drafting  double  weaves. 


Fig.  420 b. 


248.  Compound  Weaves  for  Beaver  and  other  Overcoat- 
inf)  Cloths. — Double  and  compound  weaves  of  the  reversible 
type  (Figs.  421  and  422)  are  applicable  to  beaver  and 
dress-face  overcoating  and  mantle  cloths.  These  form  a 
variety  of  dress-face  fabrics  covered  with  fibre  or  nap 
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in  such  a  way  that  the  thread-like  character  of  the  texture 
is  entirely  obliterated,  the  whole  surface  presenting  one 
mass  of  short  lustrous  fibres.  This  distinguishing  char¬ 
acteristic  of  beaver  cloths  is  chiefly  developed  in  the 
finishing  processes.  When  the  cloths  are  removed  from 
the  loom  they  possess  a  firm  but  fine  surface  texture,  the 
warp  threads  in  particular  being  distinct  and  visible. 

The  weaves  are  constructed  on  the  double-make  prin¬ 
ciple,  and  comprise  double  plain,  double  swansdown,  double 
sateen,  etc.  They  should  admit  of  close  setting  and  heavy 
wefting,  so  that  the  requisite  fineness  of  texture  may  be 
acquired.  The  ordinary  beaver  is  composed  of  two  classes 
of  yarns,  the  face  weave  being  a  broken  crow  or  swansdown 
and  the  backing  weave  plain,  or  the  compound  weave  in 


Fig.  421. 


[g’s_=Face  Weave. 
B’s  =  Back  Weave. 


Fig.  422. 


Fig.  421.  A  standard  method  of  manufacture  for  such  a 
weave  is  as  follows  : 

Warp. 

All  30  skeins  woollen. 

ll’s  reed  6’s. 


Weft. 

1  pick  of  24  skeins  woollen  for  face. 

1  „  12  „  „  for  back. 

1  ,,  24  „  „  for  face. 

64  picks  per  inch. 

The  piece  should  be  set  72  to  78  inches  in  the  reed  for 
56  inches  finished. 

A  finer  beaver,  known  as  the  “  Moscow,”  is  obtained  by 
using  the  Plan  422,  which  is  five-end  sateen  face  and 
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back.  As  there  is  no  type  of  weave  which  produces  a 
softer  or  smoother  texture  than  the  sateen,  it  is  specially 
adapted  for  this  build  of  cloth,  imparting  to  the  piece  the 
qualities  of  firmness,  elasticity,  and  suppleness.  For  such 
a  weave  the  warp  should  be  about  30  skeins  wool  sleyed 
in  a  14’s  reed  6’s,  and  the  weft  22  skeins  wool  with 
72  picks  per  inch. 

249.  Irregular  Double  Makes. — This  scheme  of  design¬ 
ing  admits  of  the  combination  of  weaves  which  can  only 
be  acquired  with  difficulty  in  ordinary  double  makes.  For 
example,  a  cloth  is  required  (Fig.  423)  with  a  6-shaft  twill 
on  the  face  and  4-shaft  twill  on  the  back,  with  the  same 
proportion  of  face  to  backing  threads  as  in  the  two  weaves 
given.  This  involves  arranging  the  double  structure  thus: 


Fig.  423. 


Fig.  424. 


1  thread  of  face  yarn. 

1  ,,  ,,  back  ,, 

2  threads  of  face  ,, 

1  thread  of  back  „ 

As  a  second  example  take  Fig.  424,  with  a  7-shaft  whip¬ 
cord  on  the  face  and  a  5-end  sateen  on  the  back,  and 
arranged : 

1  thread  of  face  yarn. 

1  ,,  ,,  *back 

1  ,,  ,,  face 

X  ,,  ,,  back 

2  threads  of  face 

1  thread  of  back 
1  ,,  ,,  face 

1  ,,  ,,  back 

2  threads  of  face 
1  thread  ,,  back 


ii 

ii 

ii 

ii 

ii 

ii 

ii 
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Here  a  double  structure  is  obtained  in  sucli  a  com¬ 
pound  of  weaves  as  to  form  a  distinct  type  of  fabric. 
V arious  classes  of  coating  cloths  are  manufactured  on  this 
weave  base. 

250.  Structure  and  Application  of  the  Double  Plain 
Weaves. — This  is  one  of  the  most  useful  weaves  em¬ 
ployed  in  the  woollen  trade ;  and  is  also  used  in  the  pro¬ 
duction  of  fancy  worsted  fabrics.  Some  grades  of  West  of 
England  cloths  are  extensively  produced  in  this  type  of 
weave.  As  the  term  implies,  it  is  a  compound  of  two  plain 
crossings,  which  in  the  loom,  under  certain  conditions, 
yields  two  distinct  cloths,  one  above  the  other.  In  Fig.  425 


b 

a 

b 

a 

b 

a 

b 

a 


a  b  ab  a  b  a  b 


Fig.  425. 


12  3  4 


Fig.  426. 


the  threads  lettered  a  represent  the  face,  and  those  let¬ 
tered  b  the  backing  weave.  On  comparing  the  interlacing 
of  the  warp  and  weft  (Fig.  426)  with  the  weave  structure, 
it  Avill  be  clear  that  in  both,  the  first  pick  passes  over 
threads  1,  2,  and  4,  and  under  3;  the  second  pick  under 

1,  3,  and  4,  and  over  2  ;  the  third  pick  under  1  and  over 
threads  2,  3,  and  4;  and  the  fourth  pick  under  threads  1, 

2,  and  3,  and  over  4. 

The  plan  (Fig.  425)  is  unstitched,  hence  the  threads 
and  picks  for  the  respective  fabrics  sketched  in  Fig.  426 
are  separate  and  distinct  from  each  other.  Tieing  is  done 
in  the  manufacture  of  double-plain  patterns  by  reversing 
the  positions  of  the  weaves,  or  by  bringing  the  weaves 
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which  in  one  part  of  the  texture  forms  the  back  on  to  the 
face  and  vice  versa. 

Transposing  the  positions  of  the  weaves  also  reverses 
that  of  the  colourings  of  which  they  are  separately  com¬ 
posed.  Thus,  if  weave  427  were  warped  and  woven  one 
thread  black  and  one  thread  white,  it  would  form  a  stripe 
of  four  threads  black  and  four  threads  white  in  the  piece. 
This  arises  from  the  fact  that  in  section  a  the  black  picks 
interweave  with  the  black  threads  and  form  a  black  over 
a  white  fabric,  while  in  b,  the  position  of  the  weave 
having  been  changed,  the  white  picks  interweave  with 
the  white  threads  and  produce  the  opposite  result — 
namely,  a  white  over  a  black  fabric.  An  examination  of 
the  design  will  show  how  this  effect  is  obtained.  In  sec¬ 
tion  a  the  black  threads  appear  on  the  face,  and  the  white 


A  B 
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Fig.  427. 

threads  on  the  back.  Again,  the  1st  and  3rd  picks  in  this 
part  being  black,  cover  the  white  threads,  but  produce  a 
plain  fabric  in  combination  with  the  black  threads;  and  in 
b  the  white  yarns  form  the  face  and  the  black  yarns  form 
the  back  texture,  as  will  be  seen  by  following  the  construc¬ 
tion  and  colouring  of  this  portion  of  the  weave. 

251.  Double-Piain  Stripes. — As  double-plain  weaves 
give  a  plain-surfaced  texture,  any  pattern  which  they  are 
made  to  produce  is  due  to  the  method  of  arranging  the 
warp  and  weft  colours.  The  structure  of  the  weave  has, 
however,  to  be  altered  to  make  it  tally  with  the  order  of 
colouring.  The  invariable  rule  in  constructing  a  double¬ 
plain  weave  for  a  striped  pattern  is  this — it  must  be  so 
arranged  as  to  admit  of  the  various  shades  of  yarn  used 
in  the  weft  covering  corresponding  shades  in  the  warp, 
and  these  alone.  For  example,  suppose  it  is  required  to 
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make  a  double-plain  stripe,  one  thread  black  and  one 
thread  white  on  the  face.  Then  the  weave  must  be 
arranged  on  the  principle  of  a  common  hairline  or  in  such 
a  manner  as  to  allow  the  black  picks  to  float  over  the 
black  and  under  the  white  threads,  and  the  white  picks 
over  the  white  and  under  the  black  threads.  Fig.  428 
would  produce  this  effect,  the  order  of  warping  and  weft- 
ing  being;  two-and-two. 

To  show  the  variety  of  patterns  which  may  be  woven 
in  the  thread-and-thread  arrangement  of  colouring  by 
suitable  alterations  in  the  structure  of  a  double-plain  plan, 
reference  will  be  made  to  Figs.  427  to  430  inclusive. 
Above  it  was  shown  that  this  order  of  warping  in  Fig.  427 
produced  a  four-ancl-four  stripe.  Applying  the  same 
order  of  threads  to  Figs.  429  and  430  the  same  order  of 


Fig.  428.  Fig.  429.  Fig.  430. 


threads  would  give  in  the  former  a  two-and-two,  and  in 
the  latter  a  four-and-two  stripe.  The  principle  on  which 
one  arrangement  of  threads  may  be  made  to  produce 
different  stripes,  and  yet  each  cloth  possess  a  plain  sur¬ 
face,  is  the  feature  requiring  explanation.  The  four-thread 
black  and  two-thread  white  stripe — (Fig.  430)  occupies 
twelve  threads.  The  first  section,  c,  produces  the  four- 
thread  stripe  of  black,  and  the  latter,  section  d,  the  two- 
thread  stripe  of  white.  The  relation  of  the  tveft  picks  to  the 
warp  threads  in  section  c  is  as  follows:  First,  all  the 
white  threads  are  down  on  the  black  picks  and  half  of 
the  black  threads;  second,  all  the  black  threads  are  up 
on  the  white  picks  and  half  of  the  white  threads;  hence, 
in  this  part  of  the  design,  a  plain  woven  stripe  of  four 
threads  of  black  covers  a  similar  stripe  of  four  threads  of 
white.  In  d,  the  position  of  the  weaves  being  changed, 
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and  that  of  the  threads  remaining  the  same,  as  the  black 
picks  are  introduced,  all  the  white  threads  are  up,  and 
half  of  the  black;  and,  on  the  white  picks,  all  the  black 
threads  are  down  and  half  of  the  white,  forming  a  stripe 
of  two  threads  of  white  over  a  stripe  of  two  threads  of 
black. 

252.  Three-and-four  Thread  Stripes.  —  Two  other  ex¬ 
amples  need  only  be  referred  to.  The  first  is  for  a 
stripe  of  three,  and  the  second  for  a  stripe  of  four,  distinct 
colours,  each  colour,  in  both  examples,  being  formed  by  a 
single  thread.  The  weave  for  the  former  is  Eig.  431.  The 
warp  may  be  arranged  on  such  a  system  as  the  backing 
would  consist  of  one  colour  of  yarns  ;  thus,  2  ends  of 
black,  1  end  of  grey,  1  end  of  black,  1  end  of  white,  and 
1  end  of  black.  In  this  case  the  backing  yarn  is  black. 

I 

KJQJ 

Fig.  431. 


The  order  of  picking  to  be :  1  pick  black  (covering  the 
black  face  thread),  1  pick  grey  (covering  the  grey  face 
thread),  1  pick  white  (covering  the  white  face  thread),  and 
1  pick  black  (floating  under  all  the  face  threads).  The 
double-plain  weave  is  more  broken  up  in  the  production 
of  this  pattern  than  in  many  of  the  simple  stripes. 

By  employing  Weave  432,  four  coloured  lines  may  be 
obtained,  this  being  the  largest  namber  of  solid  lines  of 
colour  producible  in  the  double-plain  or  warp-backed 
swansdown  weave.  The  following  arrangement  of  threads 
gives  stripes  of  black,  grey,  medium  grey,  and  light  grey 
on  the  face,  the  backing  yarn  in  the  warp  being  grey. 


1 

1 

1 


Warp. 

thread  of  black  (face). 

grey  (back), 
medium  (grey). 


55 


55 
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1  thread  of  grey  (back). 

1  ,,  grey  (face). 

1  „  grey  (black). 

1  „  light  grey  (face). 

1  „  grey  (back). 

Weft. 

1  pick  of  black. 

1  ,,  medium  grey. 

1  „  grey. 

1  „  light  grey. 

253.  Reversible  Double  Plains. — This  is  another  branch 
of  double-plain  designing.  To  produce  a  pattern  of  this 


Fig.  433. 


Fig.  433«. 


description  two  weaves  are  used — such  as  a  and  b  of 
Fig.  427.  In  a  the  odd  threads  and  picks  appear  on  the 
face,  but  in  b  the  even  threads  and  picks.  Hence,  if  the 
two  weaves  were  combined,  as  in  Fig.  43 3a,  and  warped 
1  thread  black  and  1  thread  grey,  the  sections  developed  in 
g’s  would  be  in  grey  on  the  face  and  black  on  the  back, 
and  the  sections  in  e’s  and  b’s  the  reverse.  This  partly 
explains  the  principle  on  which  double-plain  effects  are 
produced.  In  designing,  the  pattern  is  first  marked  in 
colour  on  the  paper,  and  then  the  wreave  run  on.  For 
example,  the  parts  in  a’s  in  Fig.  433  form  the  design 
proper ;  on  these,  Weave  a  (Fig.  427)  would  be  transferred 
(see  Fig.  433a),  and  Weave  b  on  to  the  ground  parts.  If 
this  design  were  warped  and  woven  1  thread  twist  yarn 
and  1  thread  black  yarn,  the  parts  on  which  the  weave  in 
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■  ’s  occurs  would  be  twist  yarn,  while  the  ground  sections 
would  be  black.  Patterns  for  shawls,  rugs,  and  various 
kinds  of  mantle  cloths  are  designed  on  this  principle ;  the 
fabrics — for  example,  rugs  and  shawls — can  be  made  in 
such  a  way  as  to  be  wearable  on  both  sides,  being  termed 
“  reversibles.” 

254.  Cut  Double  Cloths . — These  are  fabrics  in  which 
the  respective  sections  of  the  designs  are  separated  from 
each  other  by  special  “  lacing,”  or  cutting  threads  and 
picks.  Eig.  434  is  a  sketch  of  the  woven  effect  of  this 
type  of  pattern.  The  “  cuts  ”  or  indentations  are  indicated 
by  the  black  lines.  They  outline  the  style,  the  intervening- 
spaces  being  filled  in  with  different  weaves  such  as  mats, 
twills  and  small  crossings.  Weaves  regular  in  intersections 
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Fig.  434. 


and  simple  in  effect  are  the  most  suitable,  affording  clear¬ 
ness  of  definition  to  the  features  of  the  design  formed  by 
the  cutting  or  lacing  yarns. 

The  method  of  construction  is  shown  in  Fig.  435,  a 
simple  striped  pattern,  with  the  indented  lines  or  “cuts” 
formed  by  the  1st  and  12th  and  the  13th  and  24th  threads. 
“  Cutting  ”  on  the  1st  and  24th  threads  is  correct,  because 
here  the  3rd  and  22nd  face  threads  support  the  cutting  or 
lacing  threads  ;  but  the  12th  and  13tli  threads  do  not  form 
a  clear  cut,  for  the  10th  and  15th  continue  the  lacing  effect 
on  the  face  of  the  cloth.  The  [g|’s  represent  the  plain 
backing,  and  the  gj’s  the  face  weaves.  A  cut  may  be 
produced  with  two  threads,  the  movements  of  which  are 
arranged  in  such  a  manner  that  one  thread  is  lifted  when 
the  other  is  down.  For  example,  in  Fig.  435  the  1st 
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thread,  which  forms  a  cut  with  the  24th,  passes  under  the 
first  three  picks  and  over  the  next  three,  this  order  of 
elevation  and  depression  of  threads  being  repeated  through¬ 
out  the  pattern.  By  this  arrangement  the  backing  picks 
pass  over  one  of  the  cutting  threads,  fastening  by  so  doing 
the  two  fabrics  together.  In  cloths  were  the  cuts  are,  say, 
not  more  than  eight  or  twelve  threads  apart,  the  stitching 
thus  effected  is  regarded  as  sufficient  to  secure  a  permanent 
adhesion  of  one  cloth  to  the  other. 

In  Fig.  436  a  cut  check  pattern  is  shown,  the  arrange¬ 
ment  of  the  threads  for  forming  the  indentations  length¬ 
ways  of  the  design  being  identical  with  those  in  the  pre¬ 


ceding  illustration.  The  weft  “cuts”  are  developed  in  the 
same  way  as  the  warp  “cuts;”  for,  if  the  design  were 
turned  round,  and  warp  taken  for  weft  and  weft  for  warp, 
it  would  be  found  that  the  cutting  picks — 12  and  13,  and  1 
and  24 — correspond  in  intersections  to  those  of  the  thread 
interlacings  1  and  24  and  12  and  13.  Both  warp  and  weft 
yarns  pass  under  and  over  three  threads  in  succession,  one 
pick  being  over  the  threads,  and  the  adjacent  picks  under 
them.  Take,  for  instance,  the  12th  and  1 3th  picks;  while 
the  former  is  passing  under  the  first,  second,  and  third 
threads,  the  latter  is  passing  over  them.  In  the  case  of 
the  fourth,  fifth,  and  sixth  threads,  the  order  is  reversed 
— namely,  the  12th  pick  is  on  the  surface,  and  the  13th 
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pick  underneath.  The  threads  used  in  making  the  furrows 
may  be  arranged  on  both  sides  of  the  backing  ends,  but 
although  this  method  gives  a  broader  or  wider  cut,  it  is 
not  so  definite  and  distinct  in  character.  This  system  of 
cutting  illustrated  in  the  examples  alluded  to  is  the  best 
in  practice. 

A  good  plan  of  colouring  styles  of  this  class  consists  in 
applying  the  coloured  yarns  to  the  cutting  threads  and 
picks;  thus,  the  following  arrangement  of  threads  for 
the  check  pattern  (Fig.  436)  illustrates  this  principle  of 
colouring : 


1  thread  of  2  fold  60’s  worsted,  dark  shade,  and 
silk  twist. 

1  ,,  2  fold  24’s  worsted,  dark  shade. 

For  9  )  2  threads  of  2  fold  48’s  worsted,  dark  shade, 
threads  J  1  thread  of  2  fold  24’s  worsted,  dark  shade. 

1  „  2  fold  60’s  worsted,  dark  shade,  and 

silk  twist. 

Pattern  of  weft  to  be  the  same  as  warp.  Another  method 
of  applying  fancy  shades  to  such  patterns  consists  in  in¬ 
troducing  the  colours  into  the  main  parts  of  the  design, 
or  to  the  sections  between  the  pairs  of  cutting  threads 
and  picks.  Both  systems  are  practised  with  satisfactory 
results. 

The  healding  drafts  are  prepared  on  similar  lines  to 
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the  drafting  of  single-weave  designs.  The  draft  and  re¬ 
duced  plan  for  Fig.  430  are  given  in  Figs.  437  and  438, 
shafts  a  being  for  the  backing  warp,  b  for  the  cutting 
threads,  and  c  for  the  face  warp. 

255.  Interchanging  Double  Cloths. — The  chief  advantage 


Fig.  440. 


of  this  principle  of  double-make  structures  is  that  in  the 
fabric  the  face  yarns  change  to  the  back,  and  the  backing 
yarns  to  the  face  in  succession.  This  may  be  done  either 
in  the  warp  or  in  the  weft,  or  in  both.  Interchanging  in 
the  warp  makes  it  possible  to  use  a  lower  quality  of  back¬ 
ing  weft  than  face  weft,  and  to  retain  the  backing  picks 
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entirely  on  the  under  side  of  the  fabric,  as  in  an  ordinary 
double  weave.  The  effect  in  the  fabric  could  be  made  to 
correspond  to  that  due  to  ordinary  double  weaves.  Ex¬ 
amples  in  twills  are  illustrated  in  Figs.  439a,  440a,  441a, 
442a,  443a,  and  444a,  the  designs  for  which  are  given  in 
Figs.  439  to  444.  Each  principle  of  construction  is  shown 
in  Figs.  439,  440,  and  441.  Fig.  439  interchanges  in  the 
threads  and  Fig.  440  in  the  picks,  and  both  weaves  form 


Fig.  443. 


Fig.  444. 


a  g-2-  twill  effect  on  the  face  of  the  fabric.  Fig.  441  inter¬ 
changes  in  both  picks  and  threads,  and  modifies  the  twilled 
effect  as  seen  in  Pattern  441a.  Other  examples  are  given 
in  Figs.  442,  443,  444,  and  445.  Figs.  442,  443,  and  444 
interchange  in  both  threads  and  picks,  Fig.  442  giving 
the  twill  on  the  face,  and  Figs.  443  and  444  fancy 
twills. 

Fig.  445  is  an  example  to  show  how  other  weaves,  such 
as  twilled  mats  and  derivatives  of  the  sateen,  may  be  con- 
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verted  into  doable  weaves  on  this  base.  Here  the  texture 
would  be  reversible,  that  is,  the  same  weave  on  both 
sides,  and  interchanging  would  be  in  the  warp  only,  so 
that,  if  desirable,  a  thicker  weft  might  be  used  for  the 
face  than  for  the  back. 


Fig.  443a.  FlG-  444 

Figs.  439a  to  444a.  Interchanging  Double-weave  Specimens. 


Methods  of  setting  for  Figs.  439,  440,  and  441  are  as 
follows : 

Warp:  2/50’s  worsted. 

Weft:  Single  25’s  worsted. 

18’s  reed  7’s. 

Width  in  the  reed:  68  inches. 

Picks  per  inch:  120. 

p  P 
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Similar  weaves  to  Figs.  439  and  440,  worked  out  on 
eleven  and  twenty-two  shafts  instead  of  nine  and  eighteen, 
are  given  in  Designs  446  and  447,  allowing  for  the  use  of 
thicker  yarns  or  finer  setting.  If,  for  example,  2/50’s 
yarns  were  used  for  warp,  and  25’s  for  weft,  the  fabrics 
might  be  produced  in  22’s  reed  7’s,  set  68  inches  in  the 
reed  with  116  picks  per  inch. 


■  =  FACE  WEAVE. 

E=  BACKING  WEAVE. 

BACKING  THREADS  DEPRESSED. 
0=  TIES  OR  STITCHES. 


Fig.  445. 


Fig.  446. 


Fig.  447. 


The  example  in  setting  for  Figs.  442,  443,  444  is : 

Warp:  2/50’s  worsted. 

Weft :  2 4’ s  worsted . 

21’s  reed  7’s. 

Width  in  the  reed:  68  inches. 

Picks  per  inch  :  108. 

Approximate  weight  per  yard  :  24  oz. 

256.  Wadded  Cloths. — The  three  types  of  these  fabrics 
named  in  Class  V,  Par.  242,  are  illustrated  as  follows: 
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Fig.  448.  Double  twill,  wadded,  strengthened,  or 
increased  in  weight  each  3rd  thread,  the  wadding  threads 
being  marked  [o]  and  neither  interlacing  with  the  face  or 
backing  picks. 

Fig.  449.  Double  twill,  wadded,  strengthened,  or 
increased  in  weight  each  3rd  pick,  the  wadding  picks 
being  marked  (El’s  and  neither  interlacing  with  the  face 
or  backing  threads. 

Fig.  450.  Double  twill,  wadded,  strengthened,  or 
increased  in  weight  each  3rd  thread  and  pick,  marked 
[ofs  and  IE’s,  the  wadding  threads  not  interlacing  with 
the  picks,  and  the  wadding  picks  not  interlacing  with  the 
threads  of  the  compound  weave. 

The  frequency  of  the  wadding  picks  or  threads  in  the 
double  weave  may  be  varied  as  required,  but  the  illus¬ 
trations  and  definitions  exemplify  the  principles  of  con¬ 
struction  applicable  to  the  various  types  of  these  fabrics. 

257.  Three-ply  Compound  Fabrics. — Such  fabrics  may 
be  three-fold  in  the  warp  and  single  in  the  weft ;  three¬ 
fold  in  the  weft  and  single  in  the  warp;  or  three-fold  in 
both  warp  and  weft.  From  the  analysis  and  descriptions 
given  of  backed  and  double-make  textures,  the  method  of 
construction  of  Types  1  and  2  of  these  three-ply  compound 
cloths  will  be  understood  from  the  following  examples: 

Type  1 

Fig.  451.  Three-ply  in  the  weft  and  single  in  the  warp 
woven  one  pick  face,  one  pick  backing  and  one  pick  centre 
with  .A  twill  for  face  and  back  and  plain  weave  for  centre. 

Fig.  452.  Three-ply  in  the  weft  and  single  in  the  warp 
woven  as  Fig.  451,  with  --1  weft  sateen  for  face  and  back 
and  -g-2-  twill  for  centre. 

Type  2 

Fig.  453.  Three-ply  in  the  warp  and  single  in  the  weft 
arranged  in  the  warp  one  thread  face,  one  thread  centre, 
and  one  thread  backing,  with  warp  sateen  for  face  and 
back  and  ^  twill  for  centre. 
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Fig.  455. 

Examples  in  Centre  Warp,  Centre  Weft ;  and 
Three-ply  Warp  and  Three-ply  Weft  Structures. 
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Fig.  454.  Three-ply  in  the  warp  and  single  in  the  weft , 
arranged  in  the  warp  as  Fig.  453,  with  ,  ^  warp  twill  on 
the  face  and  the  back,  and  with  Prnnelle  twill  in  the 
centre. 

Fig.  455.  Three-ply  in  the  warp  and  single  in  the  weft, 
arranged  in  the  warp  one  thread  face,  one  thread  centre, 
one  thread  face,  one  thread  back,  with  ^  warp  sateen  on 
the  face,  plain  weave  in  the  centre,  and  warp  twill  on 
the  back. 

The  three-ply  weft  principle  is  applicable  to  fabrics  in 
which  the  warp  is  cotton  and  at  least  the  face  and  backing 
wefts  mungo  or  low  class  material;  and  the  warp)  principle 
to  fabrics  made  of  a  low  quality  of  weft  yarn  and  a  better 
quality  of  warp  yarn  for  face  and  backing,  and  possibly 
cotton  warp  for  the  centre. 

The  scheme  of  fabric  arrangement  is  diversified  accord¬ 
ing  to  the  qualities  and  counts  of  the  yarns  available,  and 
the  type  of  weave  effects  necessary  for  the  face,  centre, 
and  back  respectively. 

258.  Treble  Cloths. — (In  reading  the  examples  given  in 
illustration  of  treble  cloths ,  the  value  of  the  signs  as  indicated 
in  Fig.  455a  should  be  observed .)  These  are  fabrics  three- 
ply  in  both  warp  and  weft.  Similar  or  different  weaves 
and  counts  of  yarns  may  be  used  for  the  separate  textures, 
and  these  may  vary  in  plan  of  construction,  as  the  follow¬ 
ing  examples  demonstrate : 

Fig.  456  twill  face,  twill  centre,  and  twill  back, 
arranged  1  face,  1  centre,  and  1  back  in  both  warp  and 
weft ;  stitched  in  the  warp  back  to  centre  and  centre  to  face. 

Fig.  456a.  Healding  draft  for  Fig.  456,  with  face 
threads  drafted  on  to  four  shafts. 

Fig.  4565.  Reduced  plan  for  Fig.  456. 

Fig.  457.  twill  face,  twill  centre,  and  twill 
back,  arranged  1  face,  1  centre,  1  back  in  both  warp  and 
weft ;  stitched  in  the  weft  centre  to  face,  and  warp  stitched 
back  to  centre. 

Fig.  458.  3^  twill  face,  j-2-  twill  centre,  and  twill 
back,  arranged  1  face,  1  centre,  1  face,  1  back  in  both  warp 


Fig.  456a. 


Fig.  458. 
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and  weft ;  stitched  in  the  warp  back  to  centre  and  centre 
to  face. 

Fig.  459.  Mayo  face,  ^  twill  centre  and  twilled  mat 
back,  arranged  1  face,  1  centre,  1  back  in  both  warp  and 
weft;  stitched  in  the  warp,  back  to  centre,  and  centre  to 
face. 


Fig.  460. 
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Fig.  460.  Ten-shaft  twilled  mat  face  and  back,  twill 
centre,  arranged  1  face,  1  back,  1  face,  1  back,  1  centre  in 
both  warp  and  weft;  stitched  in  the  warp,  back  to  centre, 
centre  to  face. 

Fig.  461.  Treble-make  5-end  doeskin,  arranged  1  face, 
1  centre,  1  back  in  both  warp  and  weft;  warp  stitched 
back  to  centre,  centre  to  face. 
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Fig.  462.  Ten-shaft  buckskin  face,  5-end  sateen  centre, 
5-end  Venetian  back,  arranged  1  face,  1  centre,  1  face, 
1  back;  weft  stitched  centre  to  face,  and  warp  stitched 
back  to  centre. 

Fig.  463.  Ten-shaft  twilled  mat  face,  twill  centre 
and  back,  arranged  1  face,  1  centre,  1  face,  1  back;  weft 
stitched  centre  to  face,  and  warp  stitched  back  to  centre. 

Fig.  464.  3^  twill  face,  ^  twill  centre,  and  ^  twill 
back,  arranged  2  face,  1  centre,  2  face,  1  back  in  both 
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warp  and  weft;  stitched  in  the  weft,  centre  to  face  and 
back  to  centre. 

Fig.  465.  s-  twill  face,  y—  twill  centre,  and  ^  twill 
back,  arranged  1  face,  1  centre,  1  face,  1  back,  1  face,  1 
back  in  both  warp  and  weft ;  weft  stitched  back  to  face, 
warp  stitched  centre  to  face. 

Fig.  466.  g-2-  twill  face,  twill  centre,  twill  back, 
arranged  2  face,  1  centre,  1  back,  1  face,  1  centre,  1  back 
in  both  warp  and  weft ;  warp  stitched  centre  to  face,  and 
back  to  centre. 
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Treble- weave  structures  are  applicable  to  the  manu¬ 
facture  of  heavy-weight  fabrics  for  overcoatings  and  motor 
cloths.  They  provide  for  the  construction  of  these  types 
of  fabric  in  medium  and  fine  counts  of  yarns  without  the 
practice  of  more  than  the  ordinary  amount  of  milling, 
which  results  in  cloths  firm  in  the  make  and  of  high  tensile 
property  with  the  design  and  colour  details  clear  and 
distinct.  The  principle  is  also  applicable  to  the  production 
of  figured  textures  for  vestings,  mantle  cloths,  and  rugs, 
by  interchanging  the  three  layers  of  warp  and  weft  yarns, 
e.g .,  back  to  centre,  back  to  face,  centre  to  face,  and  vice 
versa  in  each  instance. 


CHAPTER  XIV 


FABRIC  ANALYSIS  AND  CALCULATIONS 

259.  Textile  Analysis — 260.  How  to  Find  the  Weave  of  a  Texture — 
261.  Ascertaining  the  Counts  of  the  Yarns — 262.  British  and 
Metric  Systems  of  Counting  Yarns — 263.  Systems  of  Counting 
Yarns — 264.  To  Find  the  “  Set  ”  in  the  Loom — 265.  Estimating  the 
Counts  and  Cost  of  Folded  Yarns — 266.  Calculating  the  Weight  of 
Warp  Yarns  of  one  Colour  and  Counts — 267.  To  find  the  Weight 
of  each  Sort  of  Yarn  in  the  Warp — 268.  Estimating  the  Weight  of 
Weft  Yarns  of  one  Counts  and  Colour  only — 269.  Calculating  the 
Weight  of  Weft  composed  of  Various  Kinds  of  Yarns — 270.  To 
Change  the  Weight  of  a  Fabric:  Diameters  of  Threads — 271.  Inter¬ 
section  Theory — -272.  Method  of  Finding  the  Counts  of  the  Weft 
Yarn  for  Weaving  a  Piece  of  Cloth  of  a  Stated  Weight — 273.  To 
Ascertain  the  Picks  per  inch  for  Weaving  a  Specified  Weight  of 
Cloth  —  274.  To  Ascertain  the  Weight  and  Cost  of  Fabrics  — 
275.  Tabulation  of  Analysis  Data. 

259.  Textile  Analysis. — The  correct  analysis  of  woven 
fabrics  is  dependent  upon  a  sound  knowledge  of  the  manu¬ 
facture  of  the  various  classes  of  single,  backed,  double,  and 
compound  weave  structures. 

The  subject  is  divisible  into  three  principle  sections: 

I.  Unravelling  the  fabric  to  obtain  the  weave  or  design 
used  in  its  production. 

II.  Ascertaining  the  “  set  ”  in  which  the  cloth  has  been 
woven,  and  the  sizes  or  counts  of  the  yarns  of  which  it  is 
composed. 

III.  Calculation  of  the  weight  of  the  different  sorts  of 
yarns  employed  in  the  manufacture  of  the  fabric. 

The  first  section,  in  addition  to  relating  to  the  weave  or 
design  used  in  Aveaving  the  texture,  also  comprises  the 
method  of  arranging  the  coloured  or  fancy  yarns  in  both 
warp  and  weft  of  the  fabric ;  and,  if  the  design  is  a  drafted 
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one,  the  healding  arrangement  and  the  reduced  weave  or 
working  plan. 

The  set  of  the  cloth  refers  to  the  counts  of  the  reed, 
threads  in  a  dent,  width  of  the  warp  in  the  sley,  and  picks 
on  the  inch.  The  sizes,  counts,  or  grists  of  the  yarns  em¬ 
ployed  in  weaving  the  fabric,  also  come  under  the  second 
head  of  analysis. 

The  weight  of  the  cloth  is  estimated  from  data  obtained 
in  dissecting  the  texture  according  to  principles  that  will 
be  explained. 

These  particulars  may  be  considered  as  embracing  the 


requisite  technical  data  for  manufacture  of  the  cloth  treated ; 
but  textile  analysis  also  relates  to  the  dissection  of  the 
yarns  for  twine,  structure  and  materials.  The  character¬ 
istics  of  the  latter  are  determined :  (1)  by  microscopic 
examination;  (2)  by  chemical  analysis;  and  (3)  by  exam¬ 
ination  for  the  qualities  of  fineness,  lustre,  and  tensile 
strength. 

260.  How  to  find  the  Weave  of  a  Texture. — In  dissecting 
a  woven  fabric  the  weave  should  be  primarily  ascertained. 
The  fabric  should,  in  the  first  place,  be  prepared  by  extract¬ 
ing  a  few  threads  of  warp  and  weft,  as  in  the  sample  of  cloth 
sketched  in  Fig.  467.  When  such  threads  have  been  re¬ 
moved,  an  analysing  glass  and  a  dissecting  needle  should  be 


588 


WOOLLEN  AND  WORSTED 


employed  to  trace  the  construction  of  the  texture.  By  the 
aid  of  the  former  the  crossing  of  the  threads  can  be  detected, 
while  the  latter  is  used  to  draw  the  last  pick  or  shoot  a 
slight  distance  from  the  adjacent  pick.  In  Fig.  467,  pick  1 
has  been  separated  from  pick  2,  so  that  its  interweaving 
with  the  warp  threads  can  be  readily  determined.  The 
passage  this  pick  makes  with  the  threads  a  to  h  would, 
after  it  had  been  partly  withdrawn,  as  indicated  in  the 
diagram,  be  marked  on  point  paper,  the  threads  floating 
over  the  picks  being  represented  by  n’s,  and  the  threads 
passing  under  the  picks  by  ^§’s.  Thus  the  first  pick  in 
Fig.  467,  passing  under  threads  a  and  B,  and  over  c  and  d, 
is  indicated  on  pick  1  of  Weave  468  by  marks  on  the  two 


former,  and  blanks  on  the  two  latter  threads.  The  un¬ 
ravelling  of  the  texture  in  this  manner,  proceeding  pick 
by  pick,  must  be  continued  till  the  weave  repeats  itself 
both  in  the  direction  of  the  warp  and  in  the  direction  of 
the  weft.  In  the  illustration  the  weave  repeats  on  thread  a1 
and  pick  la. 

When  the  cloths  are  fine  in  structure  and  closely  set  and 
woven,  analysing  proves  a  difficult  process.  It  then  requires 
great  care  and  patience.  Should  the  cloths  have  been 
felted  or  milled  and  raised,  and  the  surface  of  the  texture 
covered  with  fibre  or  nap,  as  in  doeskin,  heavy  beavers, 
and  similar  fabrics,  it  is  necessary,  prior  to  unravelling, 
to  remove  such  fibre  by  singeing  and  scraping;  and  even 
then  it  may  be  impossible  to  distinguish  the  crossing  of 
the  threads,  or  to  remove  a  pick  of  weft,  without  destroy¬ 
ing  it.  In  ordinary  woollen,  worsted,  cotton,  silk,  and 
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union  fabrics,  the  weave  or  plan  of  intertexture  is  obtain¬ 
able  by  painstaking  picking  out  or  dissection.  The  design 
having  been  ascertained,  the  next  work  consists  in  reduc¬ 
ing  it  to  its  lowest  number  of  healds.  On  examining 
Design  468,  which  corresponds  to  the  interlacing  of  the 
threads  sketched  in  Fig.  468a,  it  will  be  evident  that  it 
may  be  woven  on  four  shafts,  the  healding  draft  and  weav¬ 
ing  plan  being  given  in  468a  and  4685. 

261.  Ascertaining  the  Counts  of  the  Yarns. — After  having 
determined  the  structure  of  the  cloth,  the  “  counts  ”  of  the 
yarns  and  the  patterns  of  the  warp  and  weft  are  ascertained. 
The  latter  may  be  readily  done  by  taking  the  threads  out 
of  the  cloth  in  regular  succession,  noting  the  colours  of  the 
yarns  in  the  exact  order  in  which  they  are  withdrawn  from 


Fig.  4686. 


the  texture.  The  warp  is  usually  treated  first.  If  the  cloth 
is  backed  and  coloured  on  both  sides,  dissection  of  the 
colourings  for  each  side  should  be  done  separately. 

In  simple  patterns  the  order  of  colouring  is  easily  trace¬ 
able  without  unravelling.  One  method  practised,  in  obtain¬ 
ing  the  counts  of  the  yarns,  is  to  compare  them  with  yarns 
of  a  known  size  or  counts.  For  this  purpose  a  set  ot  yarns, 
of  different  counts  in  woollen,  worsted,  cotton,  and  silk  is 
used.  A  second  and  more  accurate  method  consists  in 
using  a  yarn  balance  which  indicates  the  counts  ot  the  yarn 
in  cotton,  woollen,  worsted,  or  linen  from  a  definite  length 
of  thread.  A  third  and  useful  system  is  that  of  weighing 
a  small  sample  ot  the  fabric  and  calculating  ti  om  its  weight 
the  counts  of  the  yarn. 

Following  the  principle  of  the  last  method,  assume  a 
woven  sample,  3"  x  4", to  weigh  2  drams,  then  the  weight  per 
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yard1  (28"  wide  finished)  would  be 


2  drams  x  36"  x  28 
x  4"  x  16  drams  in  oz. 


or  104  oz.,  then  proceed  by  one  of  the  following  rules: 

(a)  Should  only  the  counts  of  the  yarn  in  the  finished 
cloth  be  required — or  should  the  shrinkage  and  loss  of 
weight  in  scouring  and  other  processes  balance  each  other, 
the  “  counts  ”  would  be  the  same  in  the  finished  as  in  the 
unfinished  fabric — -it  is  only  necessary  to  add  the  threads 
and  picks  per  inch  together,  multiply  by  the  finished  width 
of  the  fabric  28",  and  divide  by  weight  in  drams,  thus: 

(40  ends  4-  40  picks)  x  28"  _  ^  0  ^  gpe* 

10^  ozs.  x  16 

(5)  When  the  actual  or  loom  counts  of  the  yarns  are 
required,  divide  the  total  length  of  yarn  in  the  piece  by 
the  total  weight.  Example:  A  10-oz.  woollen  fabric  with 
40  ends  and  picks  per  inch,  set  35"  in  the  reed,  and  woven 
from  60'  of  warp,  and  measures  50'  long  and  28"  wide, 
find  the  counts  of  yarn  in  the  loom — the  weight  of  the 
piece  unfinished  being  37^  lbs.: 

60'  of  warp  x  40  ends  x 

28"  (finished  width)  =  .  67,200 

50'  of  piece  x  40  picks  x 

35"  (width  in  reed)  .  70,000 


137,200  yards  of  yarn  4- 37^ 
=  3,658  yds.  per  lb.  4-  256  drams  in  a  lb.  =  14J  skeins. 

(c)  The  counts  may  also  be  found  of  short  lengths  of 
yarns  by  using  gauge  points,  as  follows : 

Number  of  inches  of  yarn  weighing  one  grain  x  16  4-21 
=  yarns  per  dram  (woollen  skeins). 

Number  of  inches  of  yarn  weighing  one  grain  x  84-23 
=  worsted  counts. 

Number  of  inches  of  yarn  weighing  one  grain  x  16 4- 6 9 
=  cotton  counts. 

Example:  If  46  inches  of  woollen,  worsted,  and  cotton 
yarns  weigh  one  grain  respectively,  what  are  the  counts  ? 

Or  any  other  width. 


1 
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Woollen  .  .  46"  x  16  -4- 21  =  35  skeins. 

Worsted  .  .  46"  x  8-f-23  =  16’s. 

Cotton  .  .  46"  x  16-^69  =  lOf’s. 

( d )  Another  and  still  shorter  method  consists  in  using 
IjV  as  the  gauge  point  in  woollen;  in  worsted;  and 
^tV  in  cotton.  The  number  of  threads  or  picks  weighing 
a  grain  of  these  lengths  correspond  to  the  counts ;  if,  for 
example,  twenty  threads  weigh  a  grain,  and  the  yarn 
worsted  or  woollen,  the  counts  would  be  20’s  worsted  and 
20  skeins  woollen. 

262.  British  and  Metric  Systems  of  Counting  Yarns. — 
One  common  unit  of  measurement  applicable  to  all  yarns, 
whether  composed  of  wool,  worsted,  silk,  cotton,  linen,  ora 
mixture  of  two  or  more  of  these  materials,  might  be  based 
upon  the  metric  system.  The  systems  practised  have  all 
arbitrary  standards,  and  are  the  outcome  of  manufacturing 
conditions  which  have  ceased  to  exist,  or  to  be  recognized 
as  of  technical  value. 

It  would  be  an  advantage  if,  in  purchasing  yarns — say, 
from  Yorkshire,  Scotch,  and  Lancashire  spinners — the 
same  count  numbers  had  identical  equivalents.  There  is 
no  real  reason  why  this  should  not  be  the  case.  It  is  not  a 
question  of  feasibility,  but  of  a  change,  which  would  be  so 
complete,  as  to  affect  the  whole  system  of  textile  calcula¬ 
tions,  for  the  scheme  of  yarn  measurements  is  at  the 
foundation  of  any  system  of  estimating  the  weight  and  cost 
of  the  woven  fabrics  produced  in  the  loom.  At  present 
the  Yorkshire  woollen  spinner  measures  by  “skeins,”  the 
Scotch  spinner  by  “cuts,”  and  the  West  of  England 
spinner  by  “  snaps,”  representing  lengths  of  1  yard,  300 
yards,  and  320  yards  respectively.  Each  may  define  the 
same  yarn,  yet  involve  a  different  form  of  statement.  In 
the  cotton,  silk,  worsted,  and  linen  trades,  there  are  not  so 
many  conflicting  schemes  of  reckoning.  Throughout  the 
United  Kingdom  the  worsted  hank  numbers  560  yards, 
the  cotton  and  silk  hanks  number  840,  and  the  linen  “  leas” 
equal  300  yards.  Clearly  there  can  be  no  question  as 
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to  the  advantages  which  would  arise  from  the  adoption  of 
a  uniform  standard  of  counting  textile  threads. 

263.  Systems  of  Counting  Yarns. — The  principal  systems 
of  counting  yarns  in  this  country  are  stated  below : 

TABLE  XY 

Systems  of  Counting  Yarns 


System. 


Base. 


Worsted  ....  Numbers  of  hanks  of  560  yards  each  in  1  lb. 

Cotton .  „  „  840  „  ,, 

Silk: 

I.  (S  p  u  n  or 

waste)  .  .  ;  „  840  ,, 

II.  Organzine 

and  tram  .  1  Yards  in  an  oz.  (Obtains  in  Yorkshire.) 

III.  Organzine  I 

and  tram  .  |  1,000  yards  in  a  hank,  the  counts  being  the 
-  weight  in  drams  of  one  hank. 


IV.  Organzine 
and  tram  . 


Woollen: 

I.  Skein . 


520  yards  in  a  skein  (Italian  scale),  533|  deniers 
in  an  oz.,  the  counts  being  the  weight  in 
deniers  of  520  yards. 

Number  of  yai'ds  in  a  dram  =  counts. 


II.  Snap  . 
III.  Counts  . 
IY.  Oz.  .  . 

V.  Cuts  .  . 

VI.  „  .  . 

1 

VII.  Bun  .  . 

VIII.  Grain  . 

Linen  .  .  .  . 

French  (Metric) . 


Weight  in  ozs.  and  drams  of  320  yards.  (West 
of  England  system.) 

Yards  per  oz.  divided  by  20,  or  number  of  snaps 
in  1  lb.  (West  of  England  system.) 

Number  of  yards  in  1  oz.  (Heavy  woollen  dis¬ 
trict.) 

Number  of  cuts  (300  yards)  in  24  oz.  (Gala¬ 
shiels  system.) 

Number  of  cuts  (300  yards)  in  26  oz.  (Hawick 
system.) 

Number  of  runs  (1,600  yards)  in  16  oz.  (Ameri¬ 
can  system.) 

Weight  in  grains  of  20  yards  of  yarn.  Ameri¬ 
can  system.) 

j  Number  of  leas  of  300  yards  each  in  1  lb. 

Number  of  metres  (39.37")  in  a  kilogramme 
(564  drams). 


With  the  exception  of  the  West  of  England  s3'stems,  all 
are  based  upon  a  variable  length  and  a  fixed  weight,  hence, 
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the  higher  the  count  number  the  finer  the  yarns — or  the 
reverse  of  yarns  calculated  on  a  standard  length. 

To  ascertain  the  yards  in  1  lb.  in  different  counts  of 
yarn,  and  therefore  to  reduce  them  to  a  common  base, 
proceed  in  the  manner  shown  in  the  table  appended : 


TABLE  XYI 

Methods  op  Changing  Yarn  Counts 


System. 

Counts. 

Yards  in  1  lb. 

Worsted  . 

2/60’s 

2/60’s  =  30’ s  x  560  - 16,800 

Cotton  .  . 

2/80’s 

2/80’s  =  40  x  840  =  33,600 

Silk  .... 

80/2 

80/2  =  80’ s  x  840  =  67,200 

Woollen  Skeins 

20 

20  sks.  =  20  x  16  x  16  =  5,120 

320x  16 

„  Snap  . 

8  oz.,  8  drms. 

31  oz.  —  gj  - 1,463 

„  Counts 

15’s 

15’s  =  15  x320  =  4,800  (West  of  Eng- 

land) 

„  22x300x  16 

,,  Cuts  . 

22 

22—  94,  —4,400  (Galashiels) 

16x  300x  16 

»>  >> 

16 

16—  gg  —  2,954  (Hawick) 

,,  Bun  . 

41 

41  =  41  x  1,600  =  7,200 

_  7,000  x  20 

,,  Grain . 

30 

30  —  gQ  —  4,666 

Linen  .... 

30 

30  =  30x300  =  9,000 

n/1/wwi  20,000  x  39.37  x  256  n 

Erench  or  Metric 

20,000 

20,000  =  — - pvrj — m - =  9-927 

564  x  36 

Should  the  metric  system  come  into  practice,  the  diffi¬ 
culty  of  fixing  a  convenient  standard  of  measurement  has 
to  be  solved.  Whereas  in  France,  Belgium,  and  Germany, 
the  metre  is  generally  used  as  the  unit  of  length,  yet  no 
uniform  base  has  been  determined  applicable  to  woollen, 
cotton,  silk  and  other  threads. 

Several  French  systems  are  as  dissimilar  as  the  worsted 
and  cotton  counts,  and  the  woollen  skeins  and  cuts  of  this 
country.  For  example,  in  numbering  worsted  yarns  in 
Roubaix  the  unit  of  length  is  a  hank  of  710  metres  based 
on  500  grammes — in  other  words,  a  number  20’s  yarn  is 
equal  to  14,200  metres  to  the  demi-kilogramme ;  in 
counting  worsted  in  Fourmies  the  same  hank  is  taken, 
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but  the  kilogramme  is  the  weight.  With  regard  to  woollen 
yarns,  in  Sedan,  they  are  reckoned  on  the  number  of 
hanks  of  1,500  metres  to  the  kilogramme;  in  Rheims, 
1,000  metres  is  the  unit  of  length;  and  in  Elbeuf,  3,600 
are  taken  as  the  basis,  the  weight  being  half  a  kilogramme. 
Cotton  and  silk  are  again  differently  reckoned:  thus  10’s 
cotton  means  1,000  metres  to  half  a  kilogramme,  whilst 
spun  or  waste  silk  is  calculated  on  the  number  of  1,000 
metres  in  a  kilogramme. 

A  scheme  is  wanted  formulated  on  the  metric  standard, 
which  may  be  used  in  every  branch  of  spinning.  A 
rational  system  could  be  based  upon  the  number  of  metres 
to  the  kilogramme;  but  this  would  involve  using  large 
numbers  in  quoting  yarns,  which  is  undesirable :  thus, 
a  20-skein  yarn  would  be  quoted  as  a  10,314’s.  For  sim¬ 
plifying  the  “counts”  number,  a  fixed  number,  of  metres 
— say  1,000 — would  require  to  be  taken  as  a  unit  of 
length,  in  which  case  the  20-skein  yarn  would  become  a 
10’s  thread. 

An  alternative  system  would  be  to  determine  as  a  fixed 
length  a  number  such  as  10  or  100  metres,  when  the 
counts  would  indicate  its  weight  in  grammes.  One  advan¬ 
tage  of  this  base  would  be  that  in  calculating  folded 
yarns,  the  counts  would  be  dealt  with  in  whole  numbers, 
and  could  be  added  together  or  subtracted  from  each 
other,  whereas,  in  systems  in  which  the  length  varies  for 
a  standard  weight,  such  calculations  have  to  be  treated 
in  fractions. 

264.  To  find  the  “  Set  ”  in  the  Loom. — The  set,  as  already 
stated,  relates  to  the  number  of  ends  per  inch  in  both  warp 
and  weft  of  the  fabric.  This,  in  cotton  fabrics,  which  have 
not  been  shrunk,  but  merely  contracted  in  finishing,  is  not 
difficult  to  ascertain.  In  woollen  and  worsted  textures  it 
is  somewhat  different.  Thus  the  number  of  ends  per  inch 
in  such  cloths  in  the  finished  width  is  larger  than  that  in 
the  loom,  arising  from  the  decreased  length  and  width  of 
the  piece  after  scouring,  milling,  dyeing,  etc.,  and  hence 
the  reduced  area  or  space  occupied  by  the  threads  and 
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picks  in  the  fabric.  For  example,  a  cloth  containing  in 
the  reed,  say  32  ends  per  inch,  may  in  the  finished  state 
contain  50  or  over,  chiefly  caused  in  the  felting  process 
where  the  width  and  length  of  the  piece  may  be  reduced 
from  10%  to  40%. 

Assuming,  for  example,  a  finished  fabric  to  have  54 
threads  and  picks  per  inch,  56"  wide,  the  shrinkage  being 
20%  both  on  the  warp  and  weft  of  the  piece,  then  (a) 
the  width  in  the  loom,  and  ( b )  the  threads  per  inch  in 
the  reed,  would  be  ascertainable  thus : 

,  56"  x  100% 

(«)  -  go  ~  =  ™ 

and 

(b)  en^Q„X  ^  —  practically  44  ends  per  inch. 


265.  Estimating  the  Counts  and  Cost  of  Folded  Yarns. — 
To  find  the  counts  of  a  2-fold  twist  yarn  divide  the  product 
of  the  two  yarns  by  their  sum. 

Example.— A  40  skeins  black  and  60  skeins  white  twist 
yarn  =  40  x  60-+40  +  60  =  24  skeins. 

Applying  this  method  where  three  or  more  yarns  are 
combined,  say  60  skeins  black,  60  skeins  grey,  and  60 
skeins  white,  then  60  skeins  black  x  60  skeins  grey +- 60  + 
60  =  30  skeins  .*.30  skeins  twist  x  60  skeins  white +- 90  = 
20  skeins,  the  counts  of  the  three-fold  yarn. 

If  yarns  of  different  materials  are  combined  as,  for 
instance,  a  2-fold  50’s  worsted  with  a  60’s  2-fold  silk — 
then  they  have  both,  in  the  first  place,  to  be  reduced  to 
the  same  system  of  counting.  A  2-fold  50’s  worsted  is 
equal  to  25  hanks  of  560  yards  each  in  a  pound,  whereas 
a  60’s  2-fold  silk  is  equal  to  60  hanks  of  840  yards  each 
to  the  pound;  so  that  it  is  essential  to  find  the  equivalent 
either  of  a  60’s  2-fold  silk  in  the  worsted  counts,  or  of  a 
2-fold  50’s  worsted  in  the  silk  counts.  The  silk  would  be 
brought  to  its  equivalent  in  worsted  hanks. 

In  order  to  reduce  any  two  counts  to  the  same  basis, 
bring  one  of  them  to  yards  and  divide  by  the  standard 
length  of  the  other. 
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Example. — 60’s  2-fold  silk  equals  60  hanks,  or,  in  other 
words,  a  pound  of  such  silk  contains  840  x  60  =  50,400 
yards.  Now,  if  this  number  is  divided  by  the  yards  in  the 
worsted  hank,  560,  it  will  give  the  equivalent  required, 
thus :  50,400-^560  =  90’s  worsted. 

So  that  the  question  is  reduced  to  the  following:  A 
60’s  2-fold  silk,  equal  to  90’s  worsted  yarn,  twisted  with 
a  2-fold  50’s  worsted  (i.e.,  25’s  worsted)  required  the  size 
of  the  compound  yarn, 

,  .  25  x  90 

that  is,  25^90  = 

Should  the  60’s/2  silk  be  twisted  with  a  woollen  yarn — 
as,  for  example,  a  30  skeins  thread — its  equivalent  in 
woollen  counts  would  be  obtained  by  dividing  the  number 
of  yards  in  a  pound  of  this  yarn  by  the  basis  of  the  woollen 
counts,  thus :  60  x  840-^-256  =  196f  skeins. 

A  second  method  of  working  such  problems  is  to 
divide  the  highest  counts  of  yarn  used  in  the  folded 
thread  by  itself  and  each  of  the  other  yarns ;  to  add  the 
quotients  together,  and  divide  the  highest  counts  by  this 
sum. 

In  the  first  of  these  examples : 

60/2  silk  =  90’s  worsted  .-.  90  -f  90  =  1 
2/50’s  worsted  =  25  „  90  -j-  25  =  3f 

90-^4§  =  19ff. 

The  costing  of  these  yarns  is  computable  on  similar 
lines.  For  example:  Required  the  price  per  lb.  and  the 
quantities  of  each  yarn  in  100  lb.  of  folded  yarn  com¬ 
posed  of — 

1  thread  of  40  skeins  at  4s.  per  lb. 

1  ,,  30  skeins  at  3s.  ,, 

1  „  40/2  silk  at  21s.  „ 

Bring  the  40/2  silk  to  woollen,  — =  131^. 
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Find  the  ratio 

of  weights,  131+  yds.  =  525  yds.  4-  131+sks.  =  4 

525  „  4  30  „  =  17$ 

525  ,,  4  40  „  =  13$ 

525  yds.  of  twist  =  34f  drams. 

34f:  4  : :  100  =  U$+f  lb.  of  silk  at  21s.  =  12  2  7 

34$:  171::  100  =  50$++  „  30  sks.  at  3s.  =  7  11  7$ 

34f:  13$::  100  =  371$+  „  40  „  4s.  =  7  11  7$ 


100  lb.  of  twist  =  £27  5  10 

Or,  5s.  5 \d,  per  lb. 

In  yarns  of  different  counts  and  qualities,  a  yard  of  the 
folded  or  compound  thread  may  be  composed  of  different 
lengths  of  the  separate  threads  combined,  and  this  has  to 
be  taken  into  account  in  making  the  calculations. 

Examples : 

(1)  A  loop  yarn  is  composed  of  two  threads  of  20’s 
worsted,  1  thread  of  6’s  mohair,  allowing  2  per 
cent,  for  twisting  up  in  the  worsted,  and  20  per  cent, 
in  the  mohair,  find  the  resultant  counts  and  price 
per  lb.,  20’s  worsted  costing  12s.  per  gross,  and 
the  mohair  2s.  3d.  per  lb. 

Counts : 


Worsted : 

20 

1  x  2  x  102  per  cent.  a  1 

20“ 

100  ~2^ 

Mohair : 

20 

3$  x  120  per  cent.  A 

G 

100 

Therefore 


20 


Q  47 
°T5T 


resultant  counts. 


Cost :  Worsted  12s.  per  gross  =  Is.  8 d.  per  lb. 

Therefore  :  2$B  :  :  Is.  8 d.  =  G+$f-o?.  cost  of  worsted 
in  1  lb.  of  folded  yarn. 

Therefore  G^h,  :  4  :  :  2s.  3c?.  =  Is.  5+^fc?.  cost  of  mohair 
in  1  lb.  of  folded  yarn. 
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Therefore  6]  Iff/.  +  Is. 5  j-ffd  =  cost  of  twist  per  lb. 


2s.  Of d. 


(2)  Required  the  counts  of  a  three-fold  yarn  made 
thus : 

(Core)  1  thread  of  2/40’s  worsted  taking  up  4"  per  yard. 
(Loop)  1  „  1/41’ 

(Binder)  1  ,,  1; 


2/40’s 


55 


-’s  mohair 

55 

491" 

55 

i’s  worsted 

51 

ir 

30 

30 _1  X 

37.5 

36  " 

1.04 

30  3 

20  “  -  x 

40 

36" 

1.66 

|?  =  7.05  x 
A 

85.5 

36  " 

16.74 

19.44 


.  30  -r  19.41  =  1.54  resultant  counts. 


(3)  Ascertain  the  counts  of  a  folded  gimp  yarn  con¬ 
sisting  of: 

1  mohair  thread,  counts,  6,500  yards  per  lb.,  32"=  12"  of 
folded  yarn. 

1  worsted  thread,  counts,  30,300  yards  per  lb.,  13"  =12" 
of  folded  yarn. 

1  worsted  thread,  counts,  2/16520  yards  per  lb.,  13"  = 
12"  of  folded  yarn. 

.-.  30,300  -T-  30,300  =  1  x  =  1tl 

30,300  -f-  6,500  =  4if  x  U  =  12||  say  12  A 
30,300  -r-  8,260  =  3|if  xlf  =  31f«|  „  4  " 

17--^  lb. 

.•.  The  counts  of  the  folded  yarn  = 

30,300  yards-i-17|-  lb.  x  560,  yards  in  the  worsted 

hank,  =  3  ^-.z. 
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266.  Calculating  the  Weight  of  Warp  Yarns  of  one 
Colour  and  Counts. — When  the  warp  yarns  are  of  the  same 
shade  and  counts  throughout  the  warp,  the  rule  for  finding 
the  weight  is  :  Multiply  the  total  number  of  threads  in  the 
warp  by  the  length  and  divide  by  the  yards  in  a  lb.  of  the 
yarn  of  which  it  is  composed. 

Examples :  Required  the  weights  of  the  following  warps: 


(a)  Woollen,  20  cut  yarn,  48  threads  per  inch,  72"  in 

the  reed,  80  yards  long. 

( b )  Cotton,  2/80’s  yarn,  120  threads  per  inch,  28"  in 

the  reed,  400  yards  long. 

( c )  Silk,  60’s/2  yarn,  160  threads  per  inch,  30”  in  the 

reed,  200  yards  long. 

{cl)  Worsted,  2/36’s  yarn,  80  threads  per  inch,  63"  in 
the  reed,  160  yards  long. 

(e)  Woollen,  20  skeins  yarn,  containing  1,512  threads, 
60  yards  long. 

(a)  20  cut  yarn  (see  Table  XVI)  =  X  X  ^  =  4,000 
yards  per  lb. 


48  threads  x  72"  x  80  yds.  long 
4,000 


=  69^s  lb. 


120  threads  x  28"  x  400  yds.  long 
~  2/80’s  =  40’s  cotton  x  840  yards  in  the  cotton 
hank  =  40  lb. 

,  x  160  threads  x  30"  x  200  yds.  ,  n  ,  n 
(C)  -  60/2  =  60’S  silk  x  840  °19Alb' 

,  80  threads  x  63"  x  160  yds.  QA 

(rf)=  -  2/36’s  =  18’sx  560  =8°Ib' 

(p\  =  1,512  x  60  yds.  _i  723  lb 

20  sks.  xl6xl6  32 


267.  To  find  the  Weight  of  each  sort  of  Yarn  in  the 
Warp. — If  the  warp  be  composed  of  various  colours  and 
counts  of  yarn,  the  weight  of  each  kind  of  thread  has  to 
be  ascertained  separately.  Assuming,  for  example,  the 
pattern  of  warp  to  be  as  below  and  to  contain  like  calcula- 
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tion  (e)  Paragraph  266,  1,512  threads  and  the  warp  to  be 
60  yards  long,  required  the  weight  of  the  different  classes 
of  yarn  : 

3  threads  of  20  skeins  black. 

1  thread  of  60  skeins  black,  60  skeins  grey,  and  60  skeins 

white  twist. 

2  threads  of  20  skeins  lavender. 

1  thread  of  40  skeins  black  and  green. 

1  ,,  40  skeins  black  and  tan. 

There  are  two  methods  of  doing  this ;  first,  by  ascertain¬ 
ing  the  number  of  patterns  or  repeats  in  the  warp,  and 
from  this  the  length  of  each  kind  of  yarn;  and,  second, 
the  relative  lengths  are  obtained  by  multiplying  the  total 
length  of  warp  by  the  number  of  each  sort  of  yarn,  and 
dividing  by  the  ends  in  the  pattern.  By  the  first  method 
commence  by  finding  the  number  of  each  kind  of  yarn  in 
the  warp.  To  do  this,  divide  the  total  number  of  threads 
in  the  warp,  1,512,  by  the  number  of  threads  in  a  pattern; 
thus,  1,512  -T-  8  =  189  patterns,  or  repeats,  in  the  entire 
warp.  Now  multiply  the  number  of  patterns  by  the 
number  of  each  class  of  yarns  separately  : 

189  patterns,  multiplied  by  3  ends  of  black,  equals  567 
ends  of  black  yarn  in  the  warp. 

189  patterns,  multiplied  by  2  ends  of  lavender,  equals  378 
ends  of  lavender  yarn  in  the  warp. 

As  there  is  only  1  thread  of  60  skeins  black,  light  grey, 
and  Avhite  twist,  1  thread  of  40  skeins  black  and  tan  twist, 
and  1  thread  of  40  skeins  black  and  green  twist  in  the 
pattern  of  warp,  there  would  only  be  189  ends  of  these 
respective  compound  threads  in  the  warp. 

The  total  number  of  each  kind  of  threads  having  thus 
been  obtained,  the  calculation  is  completed  in  the  follow¬ 
ing  manner : 

567  (ends  of  black)  x  60  (length  of  the  warp  in  yards) 

20  (skeins  or  size  of  thread  calculated)  x  16  x  16 
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— that  is,  the  number  of  yards  of  black  yarn — 34,020 — 
divided  by  the  yards  in  a  pound  of  20  skeins  yarn,  namely, 
5,120,  gives  the  weight  of  this  class  of  thread  in  the  warp, 
6^||  lb. 

Each  colour  of  yarn  in  the  warp  is  dealt  with  in  this 
way,  the  rule  in  all  cases  being  to  divide  the  number  of 
yards  of  the  particular  yarn  calculated  by  the  number  of 
yards  in  one  pound  of  it.  To  proceed,  then,  with  the 
60  skeins  black,  grey,  and  white  twist : 

189  (ends  of  60  skeins  twist)  x  60 
60  skeins  twist  3-fold  =  20  skeins  x  16  x  16  —  2  3‘ 

378  (ends  of  lavender)  x  60  . . 

I  x  16  x  16  =  4™lb* 

189  (ends  of  black  and  green  twist)  x  60  _ . 

40  skeins  twist  2-fold  yarn  =  20  skeins  x  16  x  16  2  r,<i 

189  (ends  of  black  and  tan  twist)  x  60  R  . 

40  skeins  twist  2-fold  =  20  skeins  x  16  x  16  “ 


Summary. 

20  skeins  black  yarn 

60  skeins  3-fold  twist  yarn 

20  skeins  lavender  yarn 

40  skeins  black  and  green  twist  yarn 

40  skeins  black  and  tan  twist  yarn 


lb. 

«16  5 
u2 

_  9  5  5 

—  z25b 

—  A  SB 

_955 

—  "2  5  6 
_  9  5  5 


Total  weight  of  warp  17|-§| 


The  second  method  is  the  more  direct,  and,  for  this 
reason,  the  more  preferable  of  the  two.  Only  a  part  of 
the  calculation  need  be  given: 


3  ends  of  20  skeins  black  = 

1,512  (ends  in  warp)  x  60  yards  long  x  3  ends  _  . 

20x16x16x8  ends  in  pattern 

1  512  x  60  x  1 

1  end  of  3-fold  twist  =  20  skeins 


I5B' 


20x16x16x8  ^2  56‘ 


2  ends  of  20  skeins  lavender  = 


1,512  x  60  x  2 
20  x  16  x  16  x  8 


1  55 
4T2  8- 
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268. — Estimating  the  Weight  of  Weft  Yarns  of  one  Counts 
and  Colour  only. — The  rule  for  finding  the  weight  of  weft 
yarns  in  a  piece  of  cloth  woven  of  one  colour  and  size  of 
yarn  is :  Multiply  the  picks  per  inch  in  the  fabric  by  the 
width  of  the  cloth  in  the  loom,  and  then  multiply  the  pro¬ 
duct  thus  obtained  by  the  length  of  the  warp  in  yards, 
and  divide  the  result  by  the  yards  per  pound  of  the  yam 
used  in  weaving  the  texture. 

Examples:  Ascertain  the  weight  of  weft  yarn  in  the 
following  fabrics : 

(a)  Woollen,  counts  10  sks. ;  picks  per  inch,  36;  width 
in  reed,  72";  length  of  piece,  60  yards. 

(b)  Worsted,  counts  2/50’s;  picks  per  inch,  96;  width 
in  reed,  66";  length  of  piece,  160  yards. 

Allow  7\°/  for  waste  in  weaving. 

(c)  Backed  worsted,  counts  1  pick  20’s,  worsted;  1  pick 
16  sks.  woollen;  picks  per  inch,  100;  width  in  reed,  70"; 
length  of  piece,  60  yards. 

36  pks.  x  72"  x  60  yds. 

10  sks.  x  256  =  b0*  lb' 

96  pks.  x  66"  x  160  yds,  x  107$% 

2/50’s  =  25x560x  100  87 » 


M 

(c) 


Worsted  = 
Woollen  = 


50  pks.  x  70"  x  60  yds. 

20’s  worsted  x  560 
50  pks.  x  70"  x  60  yds. 
1  6  sks.  x  256 


=  18f  lb. 

=  51^  lb. 


269. —  Calculating  the  Weight  of  Weft  composed  of  Various 
Kinds  of  Yarns. — It  is  required  to  find  the  weight  of  each 
sort  of  weft  yarn  in  a  piece  of  cloth  72"  wide  in  the  loom, 
made  from  (}4  yards  of  warp,  producing  60  yards  of  cloth, 
40  picks  per  inch  and  woven  as  follows : 

4  picks  of  20  skeins  black. 

4  ,,  20  skeins  brown. 

2  ,,  40  skeins  black  and  lavender  twist  (  =  20 

skeins). 

2  ,,  40  skeins  black  and  tan  twist  (  =  20  skeins). 

There  are  two  methods  of  obtaining  the  weight  of  weft 

O  O 
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yarns,  as  of  obtaining  the  weight  of  warp  yarn  in  woven 
fabrics  consisting  of  various  kinds  and  qualities  of  yarns. 

By  the  first  method,  the  two  rules  are:  (a)  Multiply 
the  picks  per  inch  by  the  width  of  the  cloth  in  the  loom 
and  divide  by  the  number  of  picks  in  the  pattern,  that  is, 


72"  x  40 
12 


=  240  repeats  of  the  pattern  in  a  length  of  cloth 


equal  to  the  width  of  the  warp  in  the  loom. 

(b)  Multiply  the  result  of  Rule  (a)  by  each  kind  of  weft 
in  the  pattern  separately,  and  by  the  length  of  the  warp  in 
yards,  divided  by  the  yards  per  lb.  of  the  yarn,  calcu¬ 
lated  thus : 


4  picks  of  black  = 

240  x  4  x  60  yds.  1 
20x16x16 


4  picks  of  brown  = 

240  x  4  x  60  yds. 

20  x  16  x  1 6  =114lb- 

2  picks  of  40  skeins  black  and  lavender  twist  = 
240  x  2  x  60  yds.  „ 
20x16x16  o g  i u. 

2  picks  of  40  skeins  black  and  tan  twist  = 

240  x  2  x  60  yds.  r  .. 
20x16x16 


It  is  also  feasible  to  apply  the  second  method  given  in 
Paragraph  267  for  calculating  fancy  warps,  thus: 

4  picks  of  black  = 

72"  x  40  pks.  x  60  yds.  x  4 
20x16x16x12  (pks.  in  patt.) * 2  3 4  ' 

4  picks  of  brown  = 

72"  x  40  pks.  x  60  yds.  x  4 
20  x  16  x  16  x  12  (pks.  in  patt.)  3  J’ 

2  picks  of  40  skeins  black  and  lavender  twist  = 

72"  x  40  x  60  yds.  x  2 


=  of  lb. 


20  x  16  x  16  x  12 
2  picks  of  40  skeins  black  and  tan  twist  = 
72"  x  40  x  60  yds.  x  2 
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270.  To  change  the  Weight  of  a  Fabric:  Diameters  of 
Threads. — To  alter  the  weight  of  a  fabric,  either  the  setting 
or  the  thicknesses  of  the  yarns  must  be  varied.  If,  for 
example,  it  is  required  to  modify  a  given  fabric,  say,  first, 
to  increase  its  weight,  then  the  number  of  threads  and 
picks  must  be  decreased,  but  the  thickness  of  the  yarn 
increased ;  whereas,  second,  to  decrease  its  weight,  the  rela¬ 
tion  of  the  yarns  and  setting  must  be  reversed .  If,  however, 
the  same  counts  of  yarn  were  retained,  then  the  weight 
might  be  increased  by  inserting  a  larger  number  of  threads 
and  picks  per  inch  in  the  cloth,  or  diminished  by  using  a 
smaller  number ;  but  plainly  either  of  these  two  latter 
methods  would  entirely  change  the  structure  of  the  fabric, 
for  in  one  instance  the  threads  would  be  closer  too-ether, 
and  in  the  other  further  apart,  than  in  the  original  cloth. 
To  effect  the  alteration  in  a  satisfactory  manner,  that  is, 
to  have  a  corresponding  balance  of  structure  in  the  new 
pattern  as  in  the  one  imitated,  the  relation  the  length  or 
counts  of  the  thread  bears  to  its  diameter  must  be  under¬ 
stood.  The  diameter  of  a  yarn  ( i.e .,  the  number  of  threads 
which  cover  one  inch  when  laid  side  by  side),  is  the  square 
root  of  its  length,  or  of  the  number  of  yards  in  a  pound 
of  the  yarn.  For  example,  the  diameters  of  20  skeins 
woollen,  2/40’s  worsted,  and  2/60’s  cotton  are  got  thus  : 

20  skeins  woollen  =  y/20  x  256  =  71.5  or  T]T  of  an  inch. 

2/40’s  worsted  =  y/20  x  560  =  105  or  T^5-  of  an  inch. 

2/60’s  cotton  =  y/30  x  840  =  159  or  yif?,  of  an  inch. 

The  practice  is  to  deduct  15%  from  woollen,  10%  from 
worsted,  and  5%  from  cotton  yarns,  so  that  the  actual 
diameters  of  the  above  are  ^th,  ^th,  and  T^ncl  respect¬ 
ively. 

As  16  yards  of  16  skeins  yarn  equal  in  weight  25  yards 
of  25  skeins  yarn,  it  follows  that  if  16  threads  of  the 
former  were  placed  side  by  side  or  in  the  positions  they 
would  occupy  in  the  fabric,  and  25  of  the  latter,  the  result 
in  each  case  would  be  equivalent  to  a  1-skein  yarn,  proving 
that  5  ends  of  the  smaller  thread  cover  exactly  the  same 
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area,  that  is,  have  the  same  diameter,  as  4  ends  of  the 
thicker  thread  ;  or,  in  other  words,  that  the  ratio  of  the 
diameter  of  a  yarn  is  the  square  root  of  its  length.  It 
follows  that  the  weight  of  yarn  which  can  be  woven  into 
a  fabric  is  in  inverse  proportion  to  the  diameter  of  the 
yarn,  for  5  yards  of  25  skeins  yarn  weigh  j  of  a  dram,  and 
4  yards  of  the  16  skeins  \  of  a  dram;  the  difference  in 
the  diameters  of  16’s  and  25’s  being  as  4  is  to  5,  but  in 
the  weights  as  5  is  to  4. 

As  showing  the  application  of  this  rule,  a  cloth  is  to  be 
made  of  30  skeins  yarn  with  80  threads  per  inch,  and  it  is 
desired  to  make  a  similar  cloth  with  90  ends  per  inch, 
then  the  counts  of  the  yarn  would  be,  the 


v/30  =  5.47 


5.47  x  90 
“80“ 


6.1537, 


which  number  squared  =  37  §-|- -skeins. 

Another  method  of  answering  the  problem  is  based  upon 
the  rule  that  if  two  or  more  numbers  are  squared  and 
multiplied  together,  the  result  is  the  same  as  if  the  num¬ 
bers  are  first  multiplied  together  and  then  their  product 


squared.  In  this  case 


30  x  902 
802 


0.73  1 
0iW2‘ 


The  following  calculations  (a,  b ,  and  c),  are  examples  in 
modifying  the  weight  of  fabrics  according  to  the  diameter 
theory : 

(a).  A  cloth  is  made  of  25’s  worsted  yarn,  and  contains 
75  threads  and  picks  per  inch,  and  a  similar  structure  of 
fabric  is  required  in  16’s  yarns,  find  the  ends  and  picks 
per  inch : 

1st  method  ^  X  =  60  ends. 

v/25 

2nd  method  /---**  X  =  60  ends. 

V  25 


( b ).  If  a  piece  made  of  20  skeins  warp  and  16  skeins 
weft,  with  48  ends  and  36  picks  per  inch,  weighs  14  ounces 
per  yard,  what  counts  of  yarns  set  and  picks  per  inch 
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should  be  used  to  produce  a  similar  fabric  weighing  12 
ounces  per  yard  ? 


^  ,  r.  142  oz  x  20  sks.  ,  . 

Counts  ot  warp  = - - - =  2  ( A  skeins. 

!  122  oz.  9 

/-i  ,  r  c.  142  oz.  x  16  sks.  017  1- 

Counts  ot  wett  =  - - - - -  =  21  .  skeins. 

122  oz. 

rni  j  •  i  48  ends  x  14  oz.  j 

lhreads  per  inch  = - =  5b  threads. 

12  oz. 

Picks  per  inch  =  ^  °Z  =  ^  picks. 

12  oz. 


(c).  A  worsted  fabric  with  100  ends  and  picks  per  inch 
of  2/40’s  yarn  weighs  24  ounces  per  yard  finished,  required 
the  counts  of  yarns,  set  and  picks  per  inch,  to  yield  a  28- 
ounce  texture: 

Counts  of  warp  =  —  X  ^  =  14§|  or  2-fold  28’s. 

282  oz. 

Counts  of  weft  =  same  as  warp. 

Threads  per  inch  =  X-A-  0/'  =  85f,  say  86. 
r  28  oz.  J 

Picks  per  inch  =  same  as  warp. 

271.  Intersection  Theory. — The  intersection  theory  is 
based  upon  the  diameters  of  the  yarns  plus  the  space  occu¬ 
pied  by  the  interlacing  of  the  warp  and  weft  threads  with 
each  other.  The  more  frequent  the  interlacings  and  the 
greater  the  diameters  of  the  yarns,  the  less  the  number  of 
threads  and  picks  per  inch  available  in  the  fabric.  In 
Section  A,  Fig.  469,  the  threads  and  picks  interlace  alter¬ 
nately,  and  in  Section  B  they  are  grouped  in  series  of 
four.  Unless  the  threads  collapsed,  or  were  compressed 
in  weaving,  the  spaces  between  them  would  correspond  to 
the  diameter  of  the  picks  of  weft  by  which  they  are  inter¬ 
laced.  Whether  the  round  form  of  the  thread  is  modified 
or  otherwise,  the  system  of  grouping,  that  is,  the  scheme 
of  interlacing,  is  obviously  a  factor  which  determines  the 
number  of  threads  or  picks  in  one  inch  of  the  fabric. 
Sections  A  and  B  in  Fig.  469  are  two  different  systems, 
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using  the  same  diameter  of  yarn  in  each.  The  rule  applic¬ 
able  to  ordinary  weaves  is  the  number  of  threads  per  inch 
possible,  based  upon  the  calculated  diameter,  multiplied 
by  the  number  of  ends  or  picks  in  a  repeat  of  the  weave, 
and  divided  by  the  number  of  intersections  plus  the  ends 
or  picks  in  the  weave. 

Examples. — The  diameter  of  2/40’s  yarn  (allowing  10% 
on  the  actual  calculation)  is  ^th  of  an  inch  ;  therefore, 

Twill  =  95  possible  ends  per  inch  x  4  threads  in 
weave  4-  2  intersections  +  4  threads  in  weave  =  63. 

-g-—  Twill  =  95  possible  ends  per  inch  x  6  threads  in 
weave  4-  2  intersections  +  6  threads  in  weave  =  71. 

ga  Twill  =  95  possible  ends  per  inch  x  6  threads  in 
weave  cutting  2’s4-4  intersections  4- 6  threads  in  weave 
=  57. 


Fig.  469. 


The  chief  utility  of  this  theory  is  in  relation  to  the 
standard  regular  weaves  for  single  and  compound  fabrics. 

In  Tables  XVII  and  XVIII,  page  608,  the  diameters 
of  various  counts  of  woollen  and  worsted  yarns  are  stated, 
also  the  threads  per  inch,  based  on  the  intersection  theory, 
and  the  weight  per  yard  in  each  example  for  the  -g-%  g— , 
and  -4a-  twills. 

272.  Method  of  finding  the  Counts  of  the  Weft  Yarn  for 
weaving  a  Piece  of  Cloth  of  a  Stated  Weight. 

Examples : 

(1)  Find  the  counts  of  the  weft  yarn  for  weaving  a 
woollen  piece  60  yards  long,  72  inches  in  the  reed,  with 
40  picks  per  inch ;  the  weight  of  weft  being  30  lb. 

60  yds.  x  72  inches  x  40  pks.  _  Length  of  yarn  in  yards 
30  lb.  x  256  drms.  Yards  in  30  lb. 

=  22^  skeins. 
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TABLE  XVII. 

Examples  in  Setting  based  on  the  Intersection  Theory. 

Woollen  Yarns. 


Width  in  reed  TO"  for  56"  finished.  Allowance  for  loss  in  finishing  18% 


Threads  and  picks  per  inch. 

Weight  per  yard  in  ozs. 

Counts 

of 

Yarns. 

Diameters 

of 

Yarns. 

r' 

twill. 

twill. 

twill. 

twill. 

twill. 

5^  twill. 

5skn. 

1 

3  1 

21 

23 

25 

37.8 

41.4 

45 

7  „ 

i 

ITT 

24 

27 

29 

31. 

34.7 

37.3 

10  „ 

1 

4  2 

28 

32 

34 

25.2 

28.8 

30.6 

15  „ 

1 

TJS 

35 

40 

42 

21. 

24 

25.2 

20  „ 

1 

6  0 

40 

45 

48 

18. 

20.2 

21.6 

25  „ 

1 

(3  8 

45 

51 

54 

16.2 

18.3 

19.4 

O 

CO 

JL_ 

7  5 

50 

56 

60 

1 

15. 

16.8 

18 

JO 

CO 

1 

WO 

53 

60 

64 

13.6 

15.5 

16.3 

40  „ 

1 

8W 

57 

64 

69 

12.8 

14.4 

15.5 

45  „ 

1 

9  1 

61 

68 

73 

12.2 

13.6 

14.6 

50  „ 

1 

9W 

64 

72 

77 

11.5 

12.9 

13.8 

TABLE  XVIII. 

Examples  in  Setting  based  on  the  Intersection  Theory. 

Worsted  Yarns. 


Width  in  reed  66"  for  56"  finished.  Allowance  for  loss  in  finishing  10% 


Threads  and  picks  per  inch. 

Weight  per  yard  in  ozs. 

Counts 

of 

Yarns. 

Diameters 

of 

Yarns 

» 2  twill. 

3 3  twill. 

- A 

5*  twill. 

twill. 

3  3  twill. 

*  twill. 

2/10’s 

1 

4  8 

32 

36 

38 

25.6 

28.8 

30.4 

2/20’s 

1 

W8 

45 

51 

54 

18 

20.4 

21.6 

2/30’s 

1 

8W 

55 

62 

66 

14.6 

16.5 

17.6 

2/40’ s 

1 

1)  5 

64 

72 

75 

12.8 

14.4 

15 

2/50’s 

1 

10  6 

71 

79' 

85 

1  11.3 

12.6 

13.6 

2/60’s 

1 

117 

78 

88 

94 

10.4 

11.7 

12.5 

2/70’s 

1 

12  6 

84 

95 

101 

9.6 

10.5 

11.5 

2/80’s 

1 

TW  5 

90 

101 

108 

j  9 

10.1 

10.8 

*  Decimal  points  eliminated. 
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(2)  A  piece  of  worsted  coating  110  yards  long,  woven 
from  120  yards  of  warp,  66  inches  in  the  reed,  48  picks 
per  inch,  and  weight  out  of  the  loom  106  lb. ;  find  the 
counts  of  the  weft  yarn,  the  warp  being  2-folcl  30’s  and 
the  set  14’s,  reed  4’s. 


(a)  Weight  of  warp 


56  x  66  x  120  yds.  _ 
560  x  15 


524  lb. 


.-.  (A)  Counts  of  weft  =  n°  yds,  x  66x48  =  n  f 
v  }  531  x  560  3 


counts. 


273.  To  ascertain  the  Picks  per  inch  for  Weaving  a 
Specified  Weight  of  Cloth. — In  this  class  of  calculation,  the 
counts  of  the  yarn,  length  of  the  piece,  and  the  weight  of 
the  warp  are  given,  and  it  is  required  to  find  the  picks 
per  inch. 

Examples. — 1.  Ascertain  the  picks  per  inch  for  weaving 
a  piece  of  cloth  70  inches  in  the  reed,  60  yards  long,  counts 
of  weft  10  skeins,  weight  of  weft,  60  lb. 


10  skns.  x  256  x  60  lb.  (or  total 
length  of  weft  yarn) 

70  ins.  width  in  loom  x  60  yds.  (i.e., 
number  of  inches  in  the  piece). 


=  364  picks  per  inch. 


2.  A  piece,  60  yards  long,  66  inches  Avide,  in  which  the 
warp  is  2/40’s  cotton  and  the  Aveft  2  picks  of  24’s  Avorsted 
and  1  pick  of  5  skns.  Avoollen,  weighs  120  lb.,  the  weight 
of  Aveft  being  103  lb.,  find  the  picks  per  inch. 

In  the  first  place,  the  relative  lengths  of  the  tAvo  yarns 
Avould  be  obtained  by  dividing  the  number  of  yards  per 
oz.  in  24’s  Avorsted  by  the  number  of  yards  per  oz.  in 


5  skeins  Avoollen  = 


840 
80  ’ 


that  is,  104  oz.  of  5  skeins  yarn 


equals  in  length  1  oz.  of  24’s  worsted.  There  being  2  picks 
of  Avorsted  to  1  pick  of  woollen  in  weaving,  1  oz.  of 
worsted  would  be  equivalent  to  5|-  oz.  of  Avoollen.  Then 
proceed  thus:  1  +  51  =  64,  .  * .  64  :  54  :  :  103  =  8641  lb. 
of  woollen  yarn  ;  and  similarly  64  :  1  :  :  103  =  1641  lb. 


of  worsted  yarn,  .  * .  the  Avoollen  = 


8644  x  256  x  5 

66"  x  60  yds. 


=  28 


R  R 
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picks  per  inch.  As  the  fabric  is  woven,  2  picks  of 
worsted  to  1  pick  of  woollen,  the  total  picks  per  inch 
would  be  84. 

3.  A  fancy  warp  60  yards  long,  66  inches  wide,  and 
arranged  as  below,  weighs  28  lb. ;  find  the  number  of 
threads  per  inch,  and  also  give  the  counts  of  weft  and  the 
number  of  picks  per  inch  which  should  be  used  to  give  a 
fabric  weighing  16  oz.  per  yard.  Calculate  the  piece  as 
56  yards  long  from  the  loom  and  50  yards  finished.  Loss 
of  weight  in  finishing  10%. 


1  thread  of  24  cut  (Gala  counts)  twisted  with  20  skeins 
woollen. 

6  threads  of  12  skeins  woollen. 

1  thread  of  24  cut  (Gala  counts)  twisted  with  20  skeins 

woollen. 

2  threads  of  20  skeins  and  30  skeins  twist. 

1  thread  of  24  cut  (Gala  counts)  twisted  with  20  skeins 

woollen. 

2  threads  of  20  skeins  and  30  skeins  twist. 

1 3  threads  in  pattern. 


Assuming  the  number  of  threads  and  picks  per  inch  to  be 
the  same,  proceed  as  follows  : 


W eight  of  piece  from  loom  = 

50  yards  (16  oz.  per  yard)  x  100  (loss  10%) 

90 

24  cut  Gala  -  =  18f  skeins. 

256 

* 

Counts  of  24  cut  and  20  sks.  twist  = 


=  55f  lb. 


(18f  x20)4-(18f  +  20)  = 


300 

31 


skeins. 


Counts  of  20  sks.  and  30  sks.  twist  = 
(20  x  30")  -f-  (20  +  30)  =  12  skeins. 
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Ascertain  the  average  counts  o£  the  warp : 
10  threads  of  12  sks.  =  12-^12  =  1  x  10-=  10 


Q 

O 


—  sks.  =  12-r  300  =  51  x  3  =  3i| 
31  31  25  25 


13ft. 


12  1 3f §  x  13  threads  = 


3900 

average  counts. 


Ascertain  the  threads  or  picks  per  inch  thus  : 

3900  x256x28  1b  —  <20  9\ 

343  x  66"  x  60  }?ds. 

Weight  of  piece  =  55|  lb.,  weight  of  warp  =  28  lb.,  and 

248 

weight  ot  weft  =  27f  or  ^  lb. 

9  x  20pks.  x  66"  x  56  yds.  (length  of  piece)  _  .  m  , 

■  ' '  248  x256  2  SCS' 

274.  To  ascertain  the  Weight  and  Cost  of  Fabrics. — The 
following  are  examples  in  this  class  of  calculation  applic¬ 
able  to  (a)  woollen;  (b)  worsted;  and  (c)  wooollen  and 
worsted  (mixed)  fabrics. 

(a)  Woollen 

(1).  State  the  weight  and  cost  per  yard  of  a  cheviot 
suitino-  made  as  follows  : 

O 

Warp 


Black,  15  skeins,  Is.  6r7. 

per  lb . 

Grey  mixture,  1 5  skeins, 
Is.  8 d.  per  lb. 
Crimson  2/2/50’s,  wor¬ 
sted,  3s.  3 cl.  per  lb.  . 


_  9 


1 

4 


2 


1 

4 


—  1 


64 

threads. 


48  threads. 


Weft 

15  skeins  dark  grey  mixture  @  Is.  8 d.  per  lb. 

Set  68"  in  the  loom,  9’s  reed  3’s,  and  woven  with  32 
picks  per  inch.  Length  of  warp,  66  yards;  length  of  piece,. 
60  yards;  length  linished,  56  yards.  Loss  in  finishing,. 
16%.  Cost  of  manufacture,  35s. 
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Black  warp  =  s.  cl. 

30  thds.  x  27  thds.  per  in.  x  68'(x  66  yds.  _  ^  ^  ^  ®  jg  =  2 

64  ends  (in  Patt.)  x  15  sks.  x  256 

Grey  warp  = 

32  x  27  x  68  x  66  yds. 

"  64x  15x256* 

Crimson  warp 

2  threads  x  27  x  68  x  66  yds. 

64  x  12.5  x  560 

v _  -J 

2'2'50’s 

Weft  = 

32  pks.  x  68  x  60  yds. 

15  7256 

Weight  of  piece  =  65.10  106  10 

35  0 


Cost  of  piece  =  141  10 

=  141s.  lOd. -r56  =  2s.  6\d.  per  yard. 

=  65  lb.  10  oz.  -T-  56  =  18f  oz. 

(2)  Required  the  weight  of  each  kind  of  yarn  and  the 
weight  per  yard  of  a  fabric  made  thus : 


=  15.77,,  @ls.  8d.*=26  4 


=  0.54  „  @  3s.  3d.  =  1  8 


=  34.00  „  @  Is.  8d.  =  56  8 


Warp  and  Weft. 

Medium  grey  22  skeins  .  .  .  18  18 

Black . 11 

White . 11 

11  sks.  white  and  22  sks.  black 

twist . —  2 

Length  of  warp,  60  yards. 

,,  piece  out  of  loom,  56  yards. 
,,  ,,  finished,  51  yards. 


1 

1 


44  threads 
in  pattern. 


16’s  reed  2’s.  72  inches  in  the  reed.  32  picks  per  inch. 

Loss  of  weight  in  finishing, 

Twist  yarn  =  (11  x  22)  d-  (11  +  22)  =-* 2^  skeins. 
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„0  t  •  42  x  32  x  72"  x  60  yds. 

22  skeins  warp  =  - l — 

1  44x  22  x  256 

rr  •  ,  2  X  f  3  )  X  32  X  72"  x  60 

1  wist  warp  = - 4 — V - 

1  44  x  (22 /  x  256 

Counts  of 
Twist. 

22  sks.  weft  =  42x32x72//x56  yds- 

44  x  22  x  256 

rp  •  .  ,,  2  x  I  3  1  x  32  x  72"  X  56 

I  wist  weit  --  4  —  l - — — 

44  x  122/ x  256 

Counts  of 
Twists. 


lb.  OZ. 

=  23  6 

=  35 


=  21  13 
=  3  1 


Total  weight  of  piece  in  greasy  state  =  51f  lb. 


Weight  finished  =  51f  lb.  x  f  =  43  lb.  2  oz. 

,,  per  yard  =  43  lb.  2  oz.  -y  51  yards  =  13£  oz. 


(3)  Calculate  the  weight  and  cost  per  yard  of  a  narrow 
piece  of  cloth  made  as  follows : 

Warp  and  weft ,  24  skeins  @  2 s.  Gd.  per  lb. 

Length  of  warp,  50  yards. 

,,  piece  woven,  46  yards. 

,,  ,,  finished,  40  yards. 

17’s  reed  4’s.  36"  in  the  reed  for  28"  finished. 

44  picks  per  inch.  Loss  in  finishing,  -J-. 

Cost  of  scouring  and  milling,  10s. 

Mending,  knotting,  and  finishing,  12s. 

Cost  of  weaving,  11s.,  to  be  doubled  for  other  expenses. 


W eight  of  warp  = 


68  threads  x  36"  x  50  yds. 


W  eight 


24  sks.  x  256 
p  ^  _  44  pks.  x  36"  x  46  yds. 

24  x  256 


lb. 

1  Q54 

1J64 


1 14^ 

x  x  (>  4 


Weight  of  piece  in  grease  =  31  ll^oz. 


Weight  clean  =  31  lb.  11^  oz.  x  f  =  25  5f  oz. 


io|:C  h]m  i«|tD  >o|^ 
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£  s  .  cl. 

Cost  of  piece  =  31  lb.  11^  oz.  @  2 s.  Qd.=  3  19  3^ 

Scouring,  etc .  10  0 

Finishing .  12  0 

Weaving . 120 


6  3  3i 


Cost  per  yard  =  £6  :  3s.  2>\d.  -r  40  =  3s.  Id.  per  yard. 
.'.  Weight  per  yard  =  25  lb.  5f-  oz. -^40  =  10^  oz. 


55 


55 


>5 


(b)  Worsted 

(1)  State  the  weight  of  each  counts  and  shade  of  yarn, 
also  the  weight  per  yard  of  a  worsted  piece  made  thus : 

Face  warp  =  2/48’s  worsted.  Backing  icarp  =  2/28’s 
worsted.  Arranged  two  threads  of  face  yarn  to  one 
thread  of  backing.  Weft  —  All  2/48’s  worsted. 

20’s  reed  6’s.  64"  in  the  reed.  96  picks  per  inch. 

Length  of  face  warp,  70  yards. 

backing  warp,  68  yards, 
piece  woven,  64  yards. 

,,  finished,  58  yards. 

Loss  in  finishing,  y1^.  Cost  the  2/48’s  @  2s.  10<i.  and 
2/28’s  @  2s.  4 d.  per  lb. 

^  80  threads  x  64"  x  70  yds.  n 

Eace  warp  = - - - 1 - =  2b4  lb. 

24  x  560 

p  ,  .  40  x  64"  x  68  yds.  os>1 

Lacking  warp  = - - =  224  lb. 

14x560 

Weft  =  i^44_x.  64  Tds-.  =  291  ib. 

24  x  560  4 

Weight  of  piece  in  grey=  78  lb.  2  oz.  —  x1o  =  Weight  of 
piece  finished,  70  lb.  5  oz. -^-58  yards,  length  finished,  = 
19|-  oz.  per  yard. 



Cost  of 
piece  = 


2/48’s  warp,  26§  lb.  +  weft,  29|  lb. 

=  56  lb.  @  2s.  10 d.=  . 

.2/28’s  warp  22|-  lb.  @  2s.  4<A  =  .  . 


s. 


7  18  8 

2  11  11 


£10  10  7 
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(2)  Ascertain  the  weight  and  cost  per  yard  of  the  follow¬ 
ing  piece : 

Warp. 

2  threads  of  2-fold  56’s  @  3 s.  2d.  per  lb. 

1  thread  of  2-fold  28’s  @  2s.  10c?.  per  lb. 


Weft. 

1/20’s  @  2s.  10c?.  per  lb. 

20’s  reed  8’s.  84  picks  per  inch.  61"  in  the  reed  for  56" 
finished. 

Length  of  2 /56’s  warp  70  yards. 

„  „  2/2 8’s  „  68  „ 

,,  „  piece  woven  62  „ 

„  ,,  piece  finished  58  ,, 

Loss  in  finishing,  8%. 

Cost  of  finishing,  £1  12s.  0 d. 

,,  ,,  weaving,  12s.  0 d. 

Other  Expenses,  12s.  0 d. 

2/5  6 ’s  warp  = 


2  threads  x  160  threads  per  in.  x  61"  x  70  yds. 

3  threads  x  28  x  560 
29  lb.  1  oz. 

o/ooi  160  x  61"  x  68  yds.  0Q  n  Q 

2/28  s  warp  = - - i- - =  28  lb.  3  oz. 

' *  1  3x14x560 

1/20’s  weft  =  84  Picks  x  61"  x  62  W  =  28  lb.  7  oz. 
'  20  x  560 


lb. 

85 


oz. 

10 


85  lb.  10  oz.  —  8%-f-58  yards  (length  of  piece  finished)  = 
21^  oz.  per  yard. 

r  f  (29  lb.  1  oz.  @  3s.  2d.  ) 

1  156  lb.  10  oz.  @  2s.  10 d.J  1 

£15  8s.  hd.-^-tW  yards  =  5s.  3f d.  per  yard. 


(3)  Calculate  the  weight  and  cost  per  yard  of  a  piece  of 
double  cloth  manufactured  as  below  : 


Warp. 

Arranged  1  face,  1  back,  1  face  for  9  threads  and  1 
thread  centre  warp  for  stitching. 

Weft. 

Arranged  throughout  1  face,  1  backing,  1  face. 
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Face  warp  2/48’s  worsted,  length  60  yards. 

Backing  warp  2/28’s  worsted,  length  64  yards. 
Stitching  warp  2/60’s  worsted,  length  60  yards. 

15’s  reed  8’s.  70"  in  the  reed.  102  picks  per  inch. 
Length  of  piece  woven,  56  yards. 

Counts  of  face  weft,  2/48’s,  and  of  backing  weft,  2/28’s. 
Cost  of  2/48’s,  35.  per  lb.,  2/28’s,  2s.  10 cl.  per  lb.,  and 
2/60’s,  35.  6c7  per  lb. 

Cost  of  knotting  and  mending,  85. 

,,  ,,  finishing,  125. 

„  ,,  Weaving  to  be  I65. 

Other  expenses  same  as  weaving. 

Interest  on  outlay,  10%. 

Length  of  finished  piece,  52  yards. 

Loss  in  finishing,  8%. 


Proceed  as  below : 

10  threads  in  order  of  warp. 

3  picks  in  order  of  weft. 

.‘.  Face  warp  2/48’s  = 

6  x  120  x  70"  x  60  yds. 
10  x  24  x  560 

Backing  warp,  2/28’s  = 

3x  120  x  70"  x  64 
TO  x  14x560 

Stitching  warp,  2/60’s  = 

1  x  120  x  70"  x  60 

10  x  30  x  560 

Face  weft,  2/48’s  = 

2  x  102  x  70"  x  56  yds. 

3  x  24  x  560 

* 

Backing  weft,  2/28’s  = 

102  picks  x  70"  x  56  _ 
3  x  14  x  560 


22  lb.  8  oz. 

20  lb.  9  oz. 

31b. 

29  lb.  13  oz. 

17  1b. 


Weight  of  yarns  92  lb.  14  oz. 
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.*.  Weight  per  yard  =  92  lb.  14  oz.  x  -+52  yards  = 


26i  oz. 

.*.  The  cost  of  piece  =  £.  s.  d. 

52  lb.  5  oz.  of  2/48’s  @  3s . 7  17  0 

37  lb.  9  oz.  of  2/28’s  @  2 s.  1(M.  .  .  .565 

3  lb.  of  2/60’s  @  3s.  Gel.  .  .  .  .  10  6 

Expenses  of  manufacture  .  .  .2120 

10%  interest  on  outlay  .  .  .  1  12  7 


Cost  of  piece  17  18  6 


.*.  Cost  per  yard  =  £17  18s.  6cZ.+ 52  yards  =  6s.  10 \d. 

(c)  Woollen  and  Worsted 
(1)  Required  the  weight  and  cost  of  material  per  yard 
of  a  backed  worsted  fabric  manufactured  as  below : 


Face  warp ,  2/32’s  worsted  @  3s.  per  lb.;  backing  warp , 
30  skeins  woollen  @  2s.  Gd.  per  lb.  ;  arranged  2  threads 
face  and  1  thread  backing.  Weft,  2/32’s  worsted.  16’s 
reed  6’s  ;  58  picks  per  inch. 

Width  in  reed,  64"  for  56"  finished. 

Length  of  face  warp,  70  yards. 

,,  ,,  backing  warp,  68  yards. 

,,  ,,  piece  woven,  64  yards. 

,,  ,,  piece  finished,  58  yards. 

Loss  in  finishing,  74%  on  the  worsted  and  15%  on  the 


woollen. 

Face  warp  2/32’s 


64  ends  x  64"  x  70  yds. 
16  x  560 


=  32  lb. 


Backing  warp,  30’sks.  = 


32  x  64"  x  68  yds. 


30  x  256 


18j%  lb. 


Weft,  2/32’s  =  58  x  64"  x  64  yds-  =  lb. 
'  16  x  560  2 


Cost  of  piece  =  £  s.  d. 

32  lb  +  26 1  lb.  of  2/32’s  @  3s.  815  6 

1  8x25  lb.  @  2s.  Gd.  '  .  .254 

11  0  10-+58  yards  = 


3s.  94  per  yard  value  of  the  material  used. 
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.'.  Weight  of  piece  per  yard  = 

58^  lb.  less  1Y/  j  _  691.^53  yarc]s  =  19  oz.  per  yard. 
18*  „  „  15%/  2  ‘  ' 

(2)  Give  the  weight  per  yard  of  a  golf  cloaking  made  as 
follows : 


Face  warp  and  weft,  2/24  cut  Galashiels  counts. 

Baching  warp  and  iveft,  2/28’s  worsted. 

Order  of  warping,  2  threads  of  worsted  to  one  thread  of 
woollen.  10’s  reed  6’s.  60  picks  per  inch.  Width  in  reed, 
64". 




VI 


V 


Length  of  face  warp,  70  yards. 

baching  warp,  60  yards, 
piece  woven,  54  yards. 

,,  ,,  piece  finished,  50  yards. 

Loss  in  finishing,  ^th. 

^  20  ends  x  64"  x  70  yds.  1U  K 

Jb  ace  warp  =  — = - ^ —  =  o 7  lb.  5  oz.,  + 

1  24  cut  =  12  x  200  5 

backing  warp,  19  lb.  9  oz.  +face  weft,  28  lb.  12  oz. + 

backing  weft,  17  lb.  10  oz.  —  ^th  =86  lb.  finished -j- 50 

yards  piece  =  27^  oz.  per  yard. 

275.  Tabulation  of  Analysis  Data. — For  this  purpose 
Record  Sheets  A  and  B  may  be  used.  All  data  acquired 
by  dissection  may  be  entered  on  these  sheets  in  a  form 
useful  for  reference.  In  some  textile  analyses  the  elasticity 
and  breaking  strain  of  the  fabric  are  also  needed.  These 
are  obtainable  in  ordinary  cloth-testing  machines. 
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ANALYSIS  SHEET  A 


WOVEN  SPECIMENS 


Sample  No.  1 


Sample  No.  8 


Sample  No.  2 


Sample  No.  4 


ANALYSIS  SHEET  A — continued 

DESIGNS,  HEALDING  DRAFTS  AND  REDUCED  PLANS 


For 

8 

Shafts 


Eli 




II 



□ 


□ 


□ 


2 


s: 


:i3r:i3E:=: 


s: 


4  a 


24  Threads 


24  Threads 


1,  2,  3,  and  4  =  Weaves  for  Samples  1,  2,  3,  and  4. 
lA,  3a,  and  4A  =  Healding  Drafts. 

5  and  6  =  Sectional  Weaves  for  Samples  5  and  6. 
1b,  3b,  and  4B  =  Reduced  Plans. 
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FINISHING  OF  FABRICS1 

276.  Effect  of  Finishing — 277.  Finish  in  Relation  to  Worsted  Fabrics 
— 278.  Variety  of  Finish  in  Woollens — 279.  Nature  of  Fulling — - 
280.  Process  of  Milling — 281.  Milling  Reduces  the  Size  of  the 
Pattern — 282.  Raising  and  its  Effects — 283.  Differences  between 
“Wet”  and  “Dry”  Raising — 284.  Boiling  and  Crabbing — 285.  Press¬ 
ing —  286.  Doeskin  or  Dress-face  Finish- — 287.  “Velvet”  Pile 
Finish — 288.  Clear  or  Dry  Finish — 289.  Scotch  Tweed  Finish — - 
290.  Worsted  Finish. 

276.  Effect  of  Finishing. — All  classes  of  fabrics  change 
in  appearance,  handle,  and  firmness  of  texture  in  the 
finishing  processes.  If,  however,  there  is  any  particular 
style  of  cloth  which  undergoes  a  more  pronounced  change 
by  the  application  of  finishing  routine  than  another,  it  is 
an  all-wool  fabric.  Thus  the  fineness,  softness,  firmness, 
and  compactness  of  texture,  and  lustrous  surface  of  a  fine 
doeskin  are  principally  due  to  the  chemical  and  mechanical 
treatment  this  class  of  cloth  is  subjected  to  in  finishing. 
In  “  dress-faced  ”  cloths  the  warp  and  weft  threads,  so 
readily  traceable  before  finishing,  are  completely  covered 
with  pile  or  nap,  that  is,  the  fibre  drawn  out  of  the  yarns 
of  the  texture,  and  spread  on  its  surface  by  the  teazles  or 
card  wire  of  the  raising  machine.  As  a  woollen  cloth  is 
milled  or  fulled,  previous  to  raising,  the  thready  surface 
which  characterizes  it  on  leaving  the  loom  disappears  in 
the  felting  process,  causing  the  fabric  to  resemble  a  felted 
rather  than  a  woven  production.  A  piece  of  doeskin, 
therefore,  in  the  finished  condition,  possesses  but  few 
features  common  with  a  similar  fabric  in  the  “balk” 
or  “loom”  condition.  In  the  finishing  operations  to 

1  See  “Finishing  of  Textile  Fabrics,”  by  the  same  author. 
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which  such  a  cloth  is  submitted,  a  degree  of  softness  and 
lustre  is  imparted.  Then,  again,  the  bare  surface  and 
thready  handle  characterizing  the  fabric  in  the  loom,  are, 
after  finishing,  no  longer  distinguishable,  the  former  being 
substituted  by  a  soft,  velvety  nap,  and  the  latter  by  a 
clothy  and  elastic  feel  or  handle. 

277.  Finish  in  Relation  to  Worsted  Fabrics. — The  pro¬ 
cesses  of  finishing  do  not,  however,  produce  such  distinctive 
changes  in  the  condition  of  a  worsted,  for  here  the  character 
of  the  weave,  or  effect  of  crossing  the  threads,  is  not  only 
intentionally  preserved,  but  smartly  and  clearly  developed. 
A  worsted  texture  in  the  loom  is  the  same,  to  a  very  con¬ 
siderable  degree,  in  appearance  and  handle  as  when  it  has 
been  treated  in  scouring,  cutting,  and  pressing.  The  chief 
noticeable  alteration  that  finish  effects  is  a  desirable  im¬ 
provement  in  the  qualities  of  softness  and  lustre.  An 
ordinary  buyer  would,  however,  experience  little  difficulty 
in  tracing;  the  resemblance  between  an  unfinished  and  a 
finished  piece ;  possibly  he  would  notice  that  the  effect  of 
the  weave  or  make  is  more  pronounced  in  the  latter  than 
in  the  former,  which  arises  from  the  finished  fabric  having 
been  submitted  to  the  process  of  cropping  or  cutting,  which 
removes  the  loose  or  extraneous  fibres  that  develop  in 
scouring  on  the  surface  of  a  woven  fabric.  The  point  to 
be  specially  noted  is  that  while  a  worsted  fabric  is  only 
perceptibly  changed  in  thickness  or  strength  during  the 
finishing  operations,  a  woollen  fabric,  more  particularly 
when  milled,  increases  both  in  density  and  fulness  of 
handle,  these  qualities  being  obtained  more  or  less  in 
the  milling  machine.  Of  course  it  is  not  to  be  inferred 
that  a  tender  cloth  can  be  made  firm  and  of  good  wearing 
strength  by  this  process,  but  rather  that  by  reducing  the 
piece  in  length  and  width,  which  is  proportionate  to  the 
period  of  time  it  is  operated  upon  in  the  fulling  mill 
controlled  by  the  quality  of  the  materials  of  which  it  is 
manufactured,  the  cloth  increases  in  compactness,  solidity, 
and  soundness. 

278.  Variety  of  Finish  in  Woollens. — There  is  more 
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latitude  for  the  production  of  diversity  of  effects  in  the 
finishing  routine  of  woollen  than  in  the  finishing  routine 
of  worsted  fabrics;  for  there  are  two  features  requisite  in 
the  latter,  namely,  a  well-pronounced  and  clear  weave  or 
colour  style,  and  a  bright  surface.  This  restricts  finishing 
chiefly  to  one  system  of  operations.  It  is  quite  different 
in  woollen  manufacturing.  Here  the  finisher  is  not  re¬ 
stricted  to  one  definite  scheme  of  work.  Variety  of  sur¬ 
face  in  the  fabrics  such  as  “  clear,”  “  closely  felted,”  and 
with  a  “pile”  or  “nap”  of  different  characteristics,  has 
to  be  obtained  on  the  cloth  after  weaving ;  or  technical 
properties  and  features  developed  in  finishing  and  not  in 
the  loom. 

In  “  dress-face  ”  fabrics,  for  example,  such  as  doeskins, 
beavers,  fine  woollen  costume  and  billiard  cloths,  the  sur¬ 
face  is  covered  with  a  pile  of  short  fibres  laid  or  spread  in 
one  uniform  direction,  that  is,  lengthways  of  the  piece.  The 
brightness  of  the  face  of  the  cloths  thus  treated  in  finish¬ 
ing  is  due,  primarily,  to  the  combing  and  straightening  of 
the  fibres  by  the  points  of  the  teazles  in  raising;  and, 
secondly,  to  the  boiling  process,  which  is  repeated  altern¬ 
ately  with  that  of  raising,  until  a  pile  or  nap  of  the 
requisite  density  and  lustre  has  been  developed.  On  the 
other  hand,  in  the  ordinary  classes  of  woollens,  weave 
and  pattern  are  essential  characteristics,  so  that  a  finish¬ 
ing  routine  is  utilized  which  retains  the  effect  of  the 
interlacing  of  the  warp  and  weft  yarns,  and  the  design 
produced  by  the  method  of  grouping  the  coloured  threads 
in  the  warp,  weft,  or  both  of  the  fabric.  In  fine  twills — - 
whip-cords,  •  Venetians,  and  buckskins — the  object  is  to 
obtain  a  dense,  compact  texture,  by  practising  a  certain 
degree  of  felting,  in  combination  with  a  clearly  defined 
weave.  The  twills  should  be  as  distinct  as  in  a  worsted. 
By  raising  and  cutting  for  several  times  alternately  this 
is  rendered  feasible.  “  Nap  ”  and  “  curl  ”  effects  form 
another  style  of  surface  produced  in  woollen  cloths  by 
finishing  methods.  This  brief  analysis  of  the  “work” 
possible  on  the  cloth,  in  woollen  manufacturing  after  it 
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leaves  the  loom,  makes  three  points  evident:  (1)  that  the 
threadlike  structure  of  the  fabric  may,  in  finishing,  be 
obliterated,  e.g.,  doeskins,  beavers,  etc.;  (2)  that  the 
weave  or  plan  of  the  construction  of  the  fabric  may  be 
made  distinct  and  prominent,  e.g.<  Venetians  and  whip¬ 
cords;  and  (3)  that  finishing  may  develop  specific  surface 
characteristics,  e.g.,  “naps,”  “curls,”  and  rugs. 

279.  Nature  of  Fulling. — Milling  or  fulling,  which  or¬ 
dinarily  follows  scouring,  is  the  initial  process  in  finishing 
which  produces  a  definite  change  in  the  nature  of  the 
woven  fabric.  The  literal  meaning  of  the  term  to  “full  ” 
is  to  augment  the  cloth  in  density  and  compactness  in 
proportion  to  reducing  the  piece  in  length  and  width. 

A  question  at  once  suggested  is,  what  are  the  technical 
causes  of  an  open-  or  loosely- woven  texture  being  so  far 
changed  in  character  in  the  milling  machine  or  the  fulling 
stocks  as  to  become  a  compact  piece  of  felted  material? 
It  is  a  condition  specific  to  woollen  fabrics,  and  does  not 
apply  to  cloths  made  of  cotton,  flax,  and  other  fibres. 
F  elting  is  a  property  distinctive  of  the  physical  structure 
of  wool  and  hair,  but  chiefly  of  the  former.  In  a  primary 
sense,  the  origin  of  the  shrinkage  which  characterizes  a 
woollen  cloth  when  operated  upon  in  the  milling  machine, 
is  the  serrated  circumference  of  the  wool  fibre  associated 
with  the  elastic,  wavy  quality  of  the  wool  staple ;  but,  in 
a  secondary  sense,  it  is  attributable  to  the  mechanical 
arrangement  and  combination  of  the  fibres  in  the  con¬ 
struction  of  a  woollen  as  distinct  from  a  worsted  thread. 
The  method  of  blending  and  inter-crossing  the  fibres  in 
scribbling  and  carding,  and  also  the  system  of  spinning 
in  woollen-yarn  manufacture,  produce  a  thread  structure 
which  facilitates  and  expedites  felting;  whereas  the  me¬ 
chanical  operations  peculiar  to  worsted-yarn  manufacture, 
produce  a  thread  structure  adapted  to  retard  and  detract 
from,  rather  than  to  assist  and  add  to,  the  felting  quality 
of  the  wool;  hence  a  woollen  piece  mills  or  felts  more 
satisfactorily  and  to  a  larger  degree  than  a  worsted 
piece. 
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280.  Process  of  Milling. — The  order  of  felting  as  per¬ 
formed  in  the  milling  machine  is  as  follows:  The  piece  is, 
in  the  first  place,  saturated  with  a  soapy  solution,  and 
passed  between  a  pair  of  rollers,  the  lower  roller  being 
flanged,  and  the  upper  roller — to  which  regulated  pressure 
may  be  applied — fitting  exactly  between  the  flanges.  The 
squeezing  and  crushing  action  on  the  cloth  whilst  in  a 
twisted  or  rope  condition,  which  here  takes  place,  effects 
transverse  shrinkage  or  felting  in  the  direction  of  the 
weft  of  the  fabric.  On  emerging  from  the  rollers  the 
forward  passage  of  the  piece  is  interrupted,  and  it  is 
cuttled  in  a  narrow  and  elongated  box  or  trough,  the 
hinged  lid  or  “  tongue  ”  of  which  is  weighted,  producing 
shrinkage  in  direction  of  the  warp  or  length  of  the  piece. 

The  character  of  the  change  possible  in  the  condition 
of  a  cloth  as  a  sequence  of  excessive  felting  may  be  illus¬ 
trated.  An  all-wool  texture  made  of  fine  yarns,  and  set 
72"  in  the  loom,  after  milling  for  two  days  was  40"  wide 
and  §  of  its  original  length.  The  surface  of  this  cloth  had 
no  resemblance  to  that  of  a  woven  texture,  the  effect  of 
the  weave  having  entirely  disappeared,  and  the  fabric 
being  like  a  layer  of  felted  wool.  So  securely  had 
the  warp  and  weft  threads  been  milled  together  that  it 
was  impossible,  with  the  greatest  care,  to  separate  them 
from  each  other  without  breakages.  This  is  obviously  an 
unusually  severe  change  to  make  in  the  cloth  by  milling, 
yet  it  serves  to  illustrate  that,  according  to  the  amount  of 
fulling  a  fabric  is  subjected  to,  the  more  compact  and 
higher  the  breaking  strain  of  the  texture;  and  the  more 
it  is  reduced  in  length  and  width,  the  more  perceptibly 
increased  in  thickness.  These,  along  with  the  quality  of 
a  soft,  firm  handle,  are  the  main  changes  in  the  condition 
of  a  woollen  piece  developed  in  the  fulling  process. 

281.  Milling  Reduces  the  Size  of  the  Pattern. — When  the 
cloth  has  passed  through  the  milling  machine,  and  been 
tentered  and  dried,  it  is  generally  more  or  less  covered  with 
loose  fibres.  Such  filaments,  in  some  classes  of  woollens, 
form  the  nap  of  the  finished  cloth,  but  in  other  classes  of 
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fabrics  all  extraneous  fibres  are  removed,  in  order  to  admit 
of  a  clear  development  of  the  colours  and  weave  of  the 
pattern.  The  effects  of  the  weave,  and  of  the  system  of 
grouping  the  coloured  yarns,  suffer  somewhat  in  brightness 
and  clearness  in  the  fulling  operation ;  for,  in  addition  to  the 
cloth  decreasing  both  in  length  and  width,  which  implies 
a  proportionate  reduction  in  the  size  of  the  pattern,  the 
fibres  that  appear  on  the  surface  of  the  piece  in  this  pro¬ 
cess,  also  help  to  subdue  the  character  of  the  design.  That 
is  to  say,  if  a  cloth  should  be  set  seventy  or  more  inches 
wide  in  the  loom,  and  milled  to  fifty-six  inches,  the  pattern 
or  design  would,  at  least  in  the  direction  of  the  weft,  be  a 
fraction  less  in  the  milled  than  in  the  unmilled  fabric. 
Such  a  reduction  in  the  size  of  a  medium  or  small  pattern 
necessarily  softens  the  design  details;  and  hence,  in  fancy 
fabrics,  where  weave  and  colour  are  essential,  the  fibres 
on  the  face  of  the  cloth  have  to  be  removed  in  the 
subsequent  operations,  which  compensate  for  the  loss  of 
effect  by  the  reduction  in  the  size  of  the  pattern,  because 
such  a  removal  of  loose  fibres  necessarily  gives  a  smart 
and  definite  character  to  the  weave  and  colours  combined 
in  the  origination  of  the  style. 

282.  Raising  and  its  Effects. — Now,  whether  it  may  be 
desirable  to  clear  the  surface  of  a  woollen  cloth  of  fibre 
in  order  to  obtain  the  required  finish  or  not,  the  piece 
after  milling,  washing-off,  and  tentering,  is  raised.  The 
nature  of  the  modification,  which  raising  produces  in  the 
character  and  appearance  of  the  cloth,  depends  on  the 
damp  or  dry  condition  of  the  piece  in  the  process — the 
former  getting  up  the  loose  fibres  on  the  circumference  of 
the  yarns,  and  the  latter  developing,  by  repeated  treatment, 
a  nap  of  fibres  spread  evenly  on  the  surface  of  the  texture. 
The  ordinary  raising  machine,  on  which  this  work  is 
done,  consists  of  a  large  and  rapidly  revolving  cylinder 
in  the  periphery  of  which  are  fixed,  at  regular  in¬ 
tervals,  a  number  of  frames  closely  set  with  teazles. 
The  piece,  in  the  operation,  is  gradually  brought  into 
closer  contact  with  the  teazles,  the  points  of  the  latter 


628 


WOOLLEN  AND  WORSTED 

“drafting”  or  passing  through  the  fibrous  surface  of  the 
cloth. 

Damp  or  wet  raising  is  adapted  to  the  production  of  a 
full,  dense  nap  of  fibres  such  as  forms  the  face  characteristic 
of  all  classes  of  dress-face  cloths;  dry  raising  is  quite 
different  in  principle  and  in  results.  It  is  practised  to 
disturb  the  loose  fibre  in  the  texture  and  as  a  preparation 
for  “cutting.”  Various  classes  of  fancy  woollens  are  dry 
raised.  In  worsteds,  raising  is  not  general ;  brushing, 
on  the  brushing  mill,  taking  its  place.  When,  however, 
the  pieces  have  been  milled,  as  in  some  descriptions  of 
piece-dye  worsteds  (Vicunas,  coatings,  and  woollen  weft 
fabrics),  a  slight  degree  of  raising,  in  which  the  frames 
are  set  with  teazles,  is  done  to  the  improvement  of  the 
“  finish.” 

283.  Differences  between  “  Wet  ”  and  “  Dry  ”  Raising.— 
Wet  raising  prevents,  in  a  sense,  the  removal  of  the  pile 
in  the  cutting  operation  by  spreading  the  filaments  of  the 
material  on  the  surface  of  the  , cloth ;  this  preservation  of 
the  nap  and  length  of  the  fibres  causes  the  fabric  to  be 
suitable  for  a  more  lustrous  finish  and  kinder  handle  than 
if  the  piece  had  been  raised  dry.  Treatment  of  the  cloth 
in  the  dry  state  raises  the  fibre  into  that  condition  in 
which  it  is  most  likely  to  be  removed  by  cutting  or 
cropping.  These  two  standard  methods  of  raising  give, 
therefore,  opposite  effects — one  method  concealing  the 
crossing  of  the  warp  and  weft  threads ;  and  the  other,  by 
facilitating  a  clear  cut,  imparting  smartness  and  precision 
to  both  weave  and  colour.  The  difference  is  more  dis¬ 
tinctly  apparent  after  the  cutting  operation ;  for  whereas 
the  only  perceptible  change  effected  in  the  condition  of 
the  fabric  raised  damp  is  the  production  of  a  more  even 
pile,  the  dry  raised  cloth  undergoes  a  complete  change. 
This  is  developed  in  cutting,  which  leaves  the  surface  of 
the  cloth  clean  and  smart,  so  that  both  the  effect  of  the 
weave,  and  also  of  the  combination  of  the  colours,  are 
more  pronounced  than  in  the  loom. 

284.  Boiling  and  Crabbing. — Boiling,  in  woollen  finish- 
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ing,  consists  in  winding  the  piece  tightly  and  evenly  on  a 
wooden  roller  and  boiling  in  clean  water  for  two  or  more 
hours,  after  which  it  is  taken  off  and  re-wound  on  the 
roller,  commencing  with  the  opposite  end  of  the  piece  in 
order  that  the  cloth  may  be  uniformly  treated  from  end 
to  end. 

The  process  imparts  a  permanent  lustre.  Piece-dyecl 
worsteds  are  similarly  treated  in  the  operation  of  “Crab¬ 
bing,”  in  which  the  pieces  are  wound  on  to  a  perforated 
roller  and  “blown”  with  steam,  allowed  to  set  or  cool, 
and  then  re-wound  on  to  a  second  roller  and  “blowing  ” 
repeated.  Improved  brightness  and  evenness  of  texture 
are  the  result. 

285.  Pressing. — Firmness,  brightness,  and  a  level,  even 
piece  are  acquired  in  this  operation.  Hot  pressing  is  ne¬ 
cessary  to  develop  satisfactory  qualities  of  texture ;  cold 
pressing  or  “  cold  flatting  ”  merely  implies  the  placing 
of  the  pieces  under  pressure  in  a  regularly  cuttled  con¬ 
dition. 

Steaming  follows  pressing  to  take  off  any  excessive 
glaze  developed  in  the  operation,  and  to  improve  the 
“  feel  ”  of  the  cloth. 

286.  Doeskin  or  Dress-face  Finish. — Cloths  intended  for 
this  class  of  finishing,  having  been  submitted  to  the  pre¬ 
liminary  operations  of  scouring,  milling,  washing-off,  and 
of  tentering,  to  erase  all  creases  from  the  piece,  are  passed 
round  the  raising  cylinder,  the  process  being  termed  first 
raising.  Here  the  real  work  of  finishing  commences.  To 
assist  the  teazles  in  straightening  and  drawing  out  the 
fibres  covering  the  face  of  the  cloth,  the  piece  is  before 
treatment  evenly  damped.  Raising  should  disentangle 
the  fibres  but  not  remove  them,  comb  out  the  curliness, 
and  arrange  them  in  parallel  order.  First  raising  should 
be  done  with  well-used  teazles  so  as  not  to  destroy  the 
texture.  Too  harsh  treatment  in  this  operation  is  to  be 
guarded  against,  as  the  fabric  is  liable  to  be  damaged 
if  severely  operated  upon.  Second  tentering  is  the  next 
process.  In  cutting,  the  fibre  should  be  cut  low,  but 
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not  too  close,  otherwise  the  cloth,  when  finished,  will 
appear  grey  and  bare  in  the  foundation.  Uniformity  in 
the  length  of  the  pile  is  the  condition  to  be  attained  in 
first  cutting.  The  piece  is  now  damped  or  moistened  and 
then  cross  raised,  in  which  process  the  fibres  are  drawn 
from  list  to  list,  or  in  the  direction  of  the  weft.  Raising 
for  a  second  time  follows,  the  cloth  being  treated  “  head  ” 
end  first,  and  then  “  tail  ”  end  first,  to  procure  an  even 
distribution  of  the  fibres.  Tentering  to  prepare  the 
piece  for  middle  cutting  next  takes  place.  Both  previous 
to  and  after  this  operation,  the  fabric  is  well  brushed  on 
the  brushing  machine.  After  pressing  the  piece  for  the 
first  time,  it  is  wrapped  round  a  wooden  roller  “head” 
end  first,  and  boiled  from  four  to  six  hours,  then  raised, 
and  re-wound  “tail”  end  first  on  the  roller  to  be  again 
boiled.  This  process  may  be  repeated  for  several  times  in 
succession.  After  final  boiling,  the  cloth  is  again  raised 
and  rinsed  in  clean  water,  tentered,  dried,  and  re-raised 
when  free  from  moisture.  As  a  result  of  the  last  cutting 
operation,  it  is  important  that  the  pile  on  the  face  of 
the  fabric  should  be  perfectly  uniform  in  length  and  yet 
sufficiently  shortened.  The  cloth  might  probably  at  this 
stage  be  examined  by  the  fine  drawer  and  finishing  burler, 
after  which  it  is  pressed  and  steamed.  Having  been  sub¬ 
jected  to  the  latter  process  the  piece  is  put  into  press 
papers  and  weighted — without  heat — as  much  as  necessary 
to  impart  the  requisite  lustre  and  solidity  of  texture. 

287.  “  Velvet  ”  Pile  Finish. — The  object  of  this  class  of 
finish  is  to  procure,  as  its  name  implies,  an  erect  pile  of 
fibres  on  the  fabric.  To  obtain  this,  the  cloths  require  to 
be  made  of  wool  possessing  sound  milling  and  elastic  pro¬ 
perties.  Woollen  yarns  are  adapted  for  this  class  of  finish, 
possessing  plenty  of  fibre.  Fabrics  intended  for  “  velvet  ” 
finish  should  be  well  milled,  not  made  too  firm  in  the 
loom,  but  allowing  both  length  and  width  for  a  fair  amount 
of  fulling,  and  thus  admitting  of  the  production  of  a  cloth 
dense  and  full  in  the  “  nap.” 

The  piece,  having  been  scoured,  milled,  dried,  and  ten- 
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tered,  is  evenly  damped,  raised,  or  raised  across  before 
being  passed  on  to  the  teazle  machine.  This  is  called 
“breaking-in.”  In  raising  the  piece,  it  is  treated  from 
both  ends,  in  order  to  secure  a  satisfactory  nap  or  pile. 
“  Beating  ”  follows.  It  is  done  on  the  beating  frame, 
consisting  of  a  roller,  round  which  the  piece  is  wrapped 
face  downwards,  and  of  a  second  retaining  roller — between 
these  rollers  the  fabric  is  stretched,  while  it  is  beaten 
with  rods  working  either  automatically  or  otherwise. 
This  operation  causes  the  fibre  to  project  from  the  cloth. 
Tentering  and  drying  follow,  when  the  piece  is  re-beaten 
in  a  dry  condition,  and  then  cut  in  order  to  level  the  pile 
of  filaments. 

288.  Clear  or  Dry  Finish. — This  is  also  termed  the 
West  of  England  finish,  on  account  of  the  fine  woollen 
trouserings  and  coatings  formerly  made  in  the  West  being 
finished  on  this  principle.  The  object  is  to  remove  the 
fibre  and  obtain  a  fine  texture  with  a  clean,  smart  pattern. 
Cloths  finished  in  this  manner  require  to  be  well  woven, 
and  should  not  be  milled  more  than  necessary  to  impart 
firmness  and  compactness  of  structure. 

The  order  of  the  processes  in  “  dry  ”  finishing  is  as  fol¬ 
lows:  Washing  or  scouring,  mending,  milling,  tentering 
after  wasliing-ofF,  dry  raising,  cutting  several  times;  and, 
if  heavily  milled,  re-raised  after  cutting,  cropping  repeated, 
fine  drawing,  warm  pressing,  steaming,  and  cold  pressing. 

289.  Scotch  Tweed  Finish.- — This  is  a  simple  routine, 
consisting  usually,  after  scouring,  of  some  milling  or 
shrinkage,  washing-off,  tentering,  and  cutting  to  develop 
the  style,  hot  pressing  and  steaming. 

290.  Worsted  Finish. — Worsted  finishing  is  of  two 
classes,  that  applied  to  piece-dye  and  that  applied  to 
“fancy”  fabrics.  The  routine  is  similar  in  both  systems; 
but  in  the  former  the  piece  undergoes  finishing  treatment 
both  before  and  after  dyeing,  and  crabbing  is  more  severe 
than  in  fancy  cloths.  Some  variation  of  routine  is  also  made 
to  agree  with  the  structure  and  quality  of  the  texture. 
Milling,  for  example,  may  be  found  useful  in  improving 
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the  handle  of  the  pieces,  more  particularly  if  finely  set  in 
the  warp,  and  a  woollen  or  single  worsted  weft  yarn  has 
been  used.  But,  bearing  in  mind  that  the  design,  whether 
due  to  diversity  of  weave  or  colouring,  should  be  dis¬ 
tinctly  developed,  and  that  the  handle  and  wearing  quality 
of  the  fabric  must  be  improved,  worsted  finishing  routine  is 
not  variable  to  any  complex  degree  ;  but  it  demands  atten¬ 
tion  to  details  and  minutiae.  Briefly,  this  may  be  sum¬ 
marized  as  comprising  the  operations  of  knotting  and 
burling,  scouring,  hydro  extracting,  tentering,  scour- 
thread  mending,  crabbing,  brushing,  cutting,  pressing, 
and  steaming. 

It  will  be  understood  that  the  routine  in  any  system 
of  finishing  is  modified  to  develop  the  quality  and  textural 
characteristics  required. 
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Adelaide  wool,  31. 

Alpaca,  19. 

Ambler’s  conduit  wool  washer,  63. 
American  or  wheel  clobbie  (see 
under  Power  loom),  418. 
Analysis  of  fabrics: 
principle  of  the,  586. 
weave  structure,  587. 
ascertaining  counts  of  yarns,  589. 
ascertaining  the  set  in  the  loom, 
594. 

ascertaining  the  weight  of  yarns, 
599. 

examples  in  the,  620-621,  and 
facing  622. 

Angle  dobbie,  Hattersley’s  (see 
under  Power  loom),  408. 
Artificial  silk,  42. 

Australian  wools,  28. 

Automatic  wefting  motion,  467. 
types  of,  468. 

Bedford’s  and  Seton’s,  469. 
Northrop,  470. 

Hattersley,  471. 

Backwaslier,  Whitehead  and  Ley- 
land’s,  196. 

Backwashing,  process  of,  195. 
Barbers’ power loominventions,  384. 
Beaming  and  sizing,  339. 

Beaver  cloth,  Union  structure,  545. 
compound  weaves  for,  564. 
Moscow,  565. 

Blend,  method  of  preparing,  86. 
Blending,  operation  of,  82. 

calculations,  83. 

Botany  noils,  34. 

Box  motions,  hand  loom,  352. 
power  loom  (see  under  Power 
loom),  441. 


British: 

long-stapled  wools,  19,  24,  32. 

short-stapled  wools,  32. 

and  metric  systems  of  counting 
yarns,  591. 

British  wools,  24,  31. 

Buckskin  and  twilled  cloths,  262. 

Buenos  Ayres  wool,  31. 

Burr  extraction,  76-78. 

chemical,  76. 

mechanical,  78. 

McNaught’s  and  Petrie’s  ma¬ 
chinery  for,  80. 

Eyewater’s  combined  warping, 
beaming  and  sizing  machines, 
331. 

Calculations  on: 

methods  of  changing  yarn 
“  counts,”  593. 

yarn  “counts”  and  costs,  595. 

warp  yarns  of  uniform  “  counts,” 
599. 

warp  yarns  of  various  “counts,” 
599. 

weft  yarns  of  uniform  “  counts,” 
602. 

weft  yarns  of  various  “counts,” 
602. 

changing  the  weight  of  fabrics, 
604. 

ascertaining  the  “counts”  of 
yarns  for  a  known  weight  of 
fabric,  607. 

ascertaining  the  threads  and 
picks  per  inch  for  a  fixed  weight 
of  fabric,  609. 

theweight  and'costof  fabrics,  611. 

the  weight  and  cost  of  fabrics, 
examples  in,  614,  615. 
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Calculations  on: 

woollen  and  worsted  “  unions,” 
617,  618. 

Cap  spinning,  230. 

Cape  wool,  31. 

Carbonizing  and  neutralizing,  78. 

Card  clothing,  106. 

set  for  Saxony  yarns,  111. 
set  for  Cheviot  yarns,  113. 
set  for  blanket  yarns,  114. 
set  for  niungo  yarns,  115. 
set  for  Crossbred  wools  (worsted), 

191. 

set  for  Botany  wools  (worsted), 

192. 

set  for  fine  Botany  wools 
(worsted),  192. 

Carded  and  combed  materials  com¬ 
pared,  218. 

Carder: 

speeds  of  the  cylinders,.  104. 
worsted,  189. 

methods  of  driving  the  worsted, 
190. 

Carder  for  woollen  yarn  prepara¬ 
tion  with  worsted  character¬ 
istics,  103. 

Carding,  nature  and  object  of  the 
process,  94. 

component  parts  of  the  machines 
and  carding  surface,  132. 

Carding  machines : 

construction  and  functions  of,  95. 
composition  of  a  set  of,  95. 
functions  of  the  workers  and 
strippers,  96. 

functions  and  speeds  of  the  main 
cylinders,  96,  104. 
fancy,  96. 

functions  and  clothing  of  the 
doffers,  96,  109. 

functions  of  the  doffing  comb,  96. 
passage  of  the  material  through 
the,  99. 

fancy,  clothing  of,  106. 

British  sets  of,  138. 

Continental  sets  of,  143. 
methods  of  driving,  144. 


Carding  machines: 

the  Josephy  or  German  type  of, 
136. 

Cartright,  the  invention  of  the 
power  loom  by,  385. 

Cashmere,  34. 

Check  patterns  (colour),  in  the  y- 
twill,  529. 

Check  patterns  (weave),  478. 

Cheviot  fabrics,  wools  suitable  for, 
23. 

Cheviot  wool,  33. 

Circular  shuttle-box  motions,  451. 

Cloths  (see  under  Fabrics) : 
wools  applicable  to  Saxony,  20. 
wools  applicable  to  Botany  and 
Crossbred  worsted,  23. 
wools  ajjplicable  to  Cheviot,  23. 
yarn  characteristics  of,  251,  254. 
microscopic  features  of,  255. 
finishing  of,  622. 
felting  of,  625. 
raising  of,  627. 

Colour  patterns: 

in  the  plain  weave,  511. 

in  twilled  and  fancy  weaves,  518. 

in  the  -g--  twill,  519. 

in  the  twill  (checks),  521. 

in  the  -g-  mat,  522. 

in  five-shaft  weaves,  524. 

in  the  y-  twill,  527,  529. 

Combed  and  carded  wools  com¬ 
pared,  218. 

Combing,  process  of,  201. 

Combing  machines,  202. 

Noble’s,  203-208. 
nip  and  square  motion,  209. 
Continental  or  rectilinear,  210- 
217. 

Compound  fabrics,  536. 

methods  of  constructing  weft- 
backed,  537. 

tieing  of  weft-backed,  541. 
fancy  weave  weft-backed,  543. 
weft-backed  unions,  544. 
warp-backed,  546. 
colouring  or  striping  on  the 
underside  of  warp-backed,  548. 
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Compound  fabrics : 

imitation  principle  of  construc¬ 
tion  of,  549. 

imitation  weft-baclced,  552. 
imitation  warp-backed,  553. 
two-ply  warp  and  weft,  555. 
types  of  double-weave,  556. 
beaver  and  overcoating,  564. 
healding  drafts  for,  563. 
irregular  types  of,  566. 
double-plain,  567. 
cut  double-weave,  572. 
interchanging  double-weave,  575. 
double-weave  wadded,  578. 
three-ply  weft,  579. 
three-ply  warp,  579. 
three-ply  warp  and  three-ply 
weft,  581. 

Condensed  slivers,  Cheviot  and 
pulled  waste,  156. 

Condenser: 
classes  of,  147. 

single  stripper  and  single  doft'er 
machine,  147  j 

single  stripper  and  single  doft'er 
and  tandem  rubber  machine, 
148. 

double  stripper  and  double  d offer 
machine,  150. 

tape  or  Belgian  machine,  151. 

Condensing,  process  of,  146. 

Continuous  or  frame  spinning  for 
woollen  yarns,  170. 

Cords  or  reps,  290. 

Derivatives  of  simple  weaves,  323. 

Design  paper,  285. 

Diagonals  (weave  combinations), 
480. 

Dobbie  and  treadle  systems  of 
shedding,  362. 

Dobbie  machine  for  hand  looms, 
359. 

Dobbie  machine  (Hattersley’s 
Angle)  with  mechanical  heald- 
shaft  connections  to  the  bottom 
of  the  shedding  units  only, 
462. 


Dobbie  machine  (Hodgson’s  Ameri¬ 
can  or  wheel)  with  mechanical 
heald-shaft  connections  to  the 
bottom  of  the  shedding  units 
only,  466. 

Dobbie  machines  for  power- loom 
weaving,  405. 
single  action,  405. 
verticle,  406. 

horizontal  lever  or  shovel,  407. 
Keighley  angle,  408. 
system  of  driving,  409. 
reversing  and  levelling  motions 
for,  412. 

American  or  wheel,  418. 

Double  Cloths  (see  Compound 
Fabrics),  555. 
types,  556. 

tieing  or  stitching,  559. 
centre-warp  stitching,  562. 
arranged  three-and-one  in  warp 
and  weft,  563. 
irregular  structures,  566. 
cut  or  indented  patterns  in, 
572. 

wadded  or  strengthened  in  warp, 
weft,  or  both  warp  and  weft, 
578. 

Double-plain  weave: 
applications  of,  567. 
stripe  patterns,  568. 
reversible  designs,  571. 

Double-warp  cloths,  546. 

Double-warp-and-weft  cloths,  555, 
556. 

Double-weft  cloths,  538. 

Drafting: 

application  of,  488. 
principles  of,  495. 
of  compound  weave  designs,  498. 

Drafts : 

straight,  angle,  skip-shaft,  340, 
342. 

compound,  496,  564. 
method  of  designing  in,  501. 

Drawing : 

operations  of  (English  system), 

221. 


636 


WOOLLEN  AND  WORSTED 


Drawing : 

operations  of  (Continental  sys¬ 
tem),  233,  237. 

intermediate  and  roving  frames 
(French  system),  242. 

Drawing  machines  or  frames : 
open  and  cone  construction  of, 
222. 

functions  of  in  a  Continental  set 
of,  241. 

Drawing-in  (warp)  or  healding,  340. 

Dusting  machine  for  wool,  49. 
G-arnett’s,  50. 

Extensions  of  weave  bases,  324. 

Extract  wool,  38. 

Fabric  analysis  examples  in  (see 
under  Analysis),  620-621,  and 
facing  622. 

Fabric  structure,  relation  of  weave 
to,  289. 

Fabrics : 

microscopic  comparisons  of,  6. 
woollen  and  worsted,  microscopic 
features  of,  255. 
woven  and  knitted,  278. 
types  of,  282. 
weft-backed,  537. 
warp-backed,  546. 
double  in  structure,  556. 
multiple  in  structure,  581. 

Fancy  and  folded  yarns,  277. 

Fearnought  or  tenterhook  willey, 
90. 

Felting  property  of  wool,  13. 

Felting  or  fulling  of  woven  fabrics, 
626. 

Fibres,  textile,  10-42. 

Fibrous  materials  used  in  woollens 
and  worsteds,  8. 

Finish : 

doeskin  or  dress  face,  629. 
velvet  pile,  630. 

Scotch  tweed,  631. 
worsted,  631. 

Finishing  of  woollen  cloths,  623. 

Finishing  of  worsted  cloths,  623. 


Flocks,  39. 

Fly  shuttle,  Kaye’s  invention,  383. 

Flyer  spinning,  228. 

Frame  spinning  for  woollen  yarns, 
170. 

Garnett  machinery,  91. 
clothing,  92,  189. 

Gauze  fabrics,  structure  of,  284. 

Gill  box,  Offerman  and  Prince 
Smith’s,  200. 

Gilling,  pi-ocess  of,  196. 

Hairline  patterns  in  vertical  and 
horizontal  lines,  509,  516. 

Hairline  stripes  in  the  plain  weave, 
507. 

prunelle  twill,  508. 
swansdown,  510. 
mat,  511. 

Hand  looms: 

motions  and  uses  of,  348. 
j>arts  of  the,  350. 
take-up  motions,  354 ;  let-off 
motions,  355. 

treadle  system  of  shedding  in, 
357. 

dobbie,  system  of  shedding  in, 
359. 

Harness  mounting,  367. 

Norwich  and  London  methods 
of,  368-371. 

and  shaft  mounting,  378. 

Healding  or  drawing  in,  340, 
Drafts  (see  Drafting  and  Drafts, 
342). 

Healdless  shedding  motion,  456. 

Healds  or  lieddles,  280. 

Healds,  systems  of  counting,  344. 

Heald-shaf t  control : 

flexible  and  mechanical  principles 
of,  455. 

mechanical  system  applied  to  the 
Woodcroft  tappet  loom,  458. 
mechanical  system  applied  to  the 
Yorkshire  tappet  loom,  460. 
mechanical  system  applied  to 
dobbie  mechanism,  462. 
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Heald-shaft  control: 

mechanical  system  applied  to  the 
angle  dobbie,  464. 
mechanical  system  applied  to  the 
American  dobbie,  466. 

Honeycomb  weaves,  294. 

Hopsacks  or  mats,  types  of,  316. 

Imitation  weft-backed  structures, 
549. 

warp-backed,  553. 

Interchanging  double  cloths,  575. 

Intersection  theory,  606. 
tables,  608. 

Jacquard  machine,  364. 

harness  mountings,  367-372. 
“centre-shed,  “  double-lift,”  and 
“  open-shed,”  376. 
uses  and  advantages  of,  380. 

Kaye’s  fly  shuttle  invention,  383. 

Keighley-dobbie,  single  action,  408. 
double  action,  411. 

Kenyon’s  under-motion  for  depres¬ 
sing  heald  shafts  in  single- 
action  shedding  motions,  398. 

Leasing  in  warping,  327. 

Let-off  motions : 
friction  brake,  355. 
essential  features  of,  429. 
automatic  negative  (worm  wheel). 
431. 

Loom  mounting,  325. 

Loom  (see  Hand  and  Power  loom). 

McNaught’s  wool  scouring  ma¬ 
chines,  54. 
drying  machines,  68. 
carbonizing  machines,  80. 

Materials,  textile,  4-42. 

Mats  and  hopsacks,  316. 

Melton  cloths  (union),  545. 

Methods  of  diversifying  woven 
fabrics,  1. 

Metric  system  of  counting  yarns, 
591. 


Microscopic  fabric  comparisons,  6. 
structure  of  fibres,  12. 
structure  of  condensed  slivers, 
156. 

structure  of  yarns,  252. 

Mohair,  19,  33. 

Mungo,  35. 

Mungo  production,  37. 

Negative  let-off  motion,  431. 
Negative  take-up  motion,  440. 
Noils,  Botany,  English,  alpaca,  mo¬ 
hair,  34. 

Northrop  automatic  wefting  mo¬ 
tion,  470. 

Odessa  wool,  32. 

Oiling,  process  of,  81. 

Open  and  close  shedding  motions, 

391. 

|  Over-pick  motions,  426. 

Pattern  characteristics  (weave), 
295. 

design,  504. 

on  the  underside  of  two-ply  warp 
fabrics  (colour),  548. 

Petrie’s  harrow  wool  washing  ma¬ 
chine,  56. 

Picking  motions,  426. 

cam-and-cone  (over-pick),  426. 
cam-and-cone  (under-pick),  427. 
whip-pick  type  of,  428. 

Plain  weave  patterns,  513-517. 
Plain  weaving,  281. 

Port  Philip  wool,  28. 

Power  loom,  382. 

method  of  driving,  389. 
timing  of  the  motions,  390. 
systems  of  warp  shedding  (see 
under  shedding),  391. 
types  of  shedding  mechanism, 

392. 

tappet  shedding,  393. 

Yorkshire  tappet  motion,  395. 
Woodcroft  tappet  motion,  400. 
Dobbie  machines  (see  under 
Dobbie),  403. 
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Power  loom: 

Reversing  motions,  414. 
picking  motions  (see  under  Pick¬ 
ing),  426. 

warp  let-off  motions,  429. 
piece  take-up  motions,  435. 
shuttle-box  mechanism  (see under 
Shuttle  box),  441 . 
weft  fork  action,  453. 
automatic  weftiug  (see  under 
Automatic  loom),  467. 

Productive  power  of  machines  for 
woollen  yarn  manufacture,  178. 
worsted  yarn  manufacture,  245. 

Pressing,  process  of,  629. 

Pulled  waste  machinery  (Garnett), 
91. 

Raising,  effects  of,  627. 

Rake  wool-washing  machine,  60. 

Reeds  or  sleys,  methods  of  count¬ 
ing,  346. 

Reverse  and  small  checked  weaves, 
319. 

Ring  spinning,  231. 

Rocker  wool  washing  machiue,  62. 

Roving,  operation  of,  226. 

Sateens,  312. 

Sateens,  extended,  316. 

Saxony  cloths,  properties  of  wools 
for,  20. 

Scouring,  detergents  used  in  wool, 
47. 

Scribbler : 

automatic  feeds  (Haigh’s),  119. 
automatic  feeds  (Automatic  Peed 
Company),  122. 
preparatory  motions,  123. 
Garnett  breast  cylinder  appa¬ 
ratus,  129. 

systems  of  conveying  the  scrib¬ 
bled  materialfrom  one  machine 
to  another,  131. 

Self  Actor: 

method  of  driving,  162. 
control  of  the  carriage,  170. 
for  worsted  spinning,  242. 


Setting: 

tables  relating  to,  475,  608 
intersection  theory  of,  606. 
Shedding  motions  in  hand-looms, 

mechanism,  392. 
power  looms,  396. 
power-loom  dobbie,  405. 
Shedding  on  the  going-part-,  456. 
Shoddy,  35. 

Short-stapled  wools,  19,  24,  32. 
Shuttle-box  mechanism,  441. 
vertical  or  drop  box  motions, 
442. 

Hollingsworth’s  motions,  442. 
Hodgson’s  motion,  445. 
Hattersley’s  motion,  446. 
construction  of  box  chains,  447. 
construction  of  box  chains  (Amer¬ 
ican  dobbie),  448. 
construction  of  box  chains  (Hat¬ 
tersley’s  dobbie),  450. 
circular  or  revolving  motions, 
451. 

Siziug  and  beaming,  339. 

Spinning: 

process  of  woollen,  154. 
a  compound  operation  on  the  self 
actor,  158. 

winding-up  of  the  yarn,  161. 
continuous  system  for  woollen 
yarn,  170. 
worsted,  227. 
flyer  principle,  228. 
cap  principle,  230. 
ring  principle,  231. 

Soi'ting  of  wool,  43. 

Stripe  (weave)  designing  477. 

Take-up  motions,  435. 

change  wheel  (positive),  436. 
negative,  440. 

Tappet  shedding,  392. 

Yorkshire  motion,  395,  460. 
Woodcroft  motion,  400,  459. 
stroke  or  dwell,  403. 

Tappets,  construction,  402. 
sectional,  403. 
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Teazing  or  blending  operation,  73. 
machines,  74. 

Tenter-hook  willey  or  fearnought, 
90. 

Textile  analysis,  586. 

Three-ply  weft  fabrics,  579. 
warp  fabrics,  579. 
warp  and  weft  fabrics,  581. 
Transposition  weave  base,  322. 
Treadle  system  of  shedding,  tie 
np  or  cording  plans,  358. 
Treble  cloths,  581. 

Twilled  weaves,  301. 

modifications  of,  302. 

Twills,  warp  surface  and  fancy, 
305. 

Twisting  frame,  177. 

Two-ply  warp-and-weft  cloths,  556. 
Two-ply  weft  cloths,  538. 
warp  cloths,  546. 

Under  motions  for  the  depi’ession 
of  the  heald  shafts,  398. 
Under-pick  motions,  427. 

Union  cloths  (weft  backed),  544. 
Utilization  of  waste  “  scour  ”  in 
wool  washing,  63. 


Wadded  cloths,  578. 

Warp  and  weft,  280. 

Warping,  hand  method,  325. 
on  the  mill,  328. 
sizing  and  beaming  machinery, 
331. 

Warp  let-oif  motions,  429. 
single  and  double  beam,  431. 

Weave  compounds,  473. 
classes  of,  477. 
stripes,  477. 
checks,  478. 
diagonals,  480. 

Weave  construction,  293. 

Weave  derivatives,  323. 

“  move,”  304. 
extensions,  324. 

Weave,  transposition  base,  322. 

Weave,  types  of,  299. 


j  Weaving,  operation  of  plain,  281. 

Woodcroft  tappet  motion,  400. 

I  Wool,  a  fine  hair,  11. 

structure  of  the  fibre,  11. 
physical  proper-ties,  12. 
felting  quality,  13. 
strength  and  elasticity  of  staple, 
15. 
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quality  of  softness,  20. 
purity  of  colour,  20. 

Wool  drying,  64. 

continuous  machines  for,  65. 
McNaught’s  machines,  68. 
Summerscale’s  machines,  70. 
Stone’s  machines,  71. 

Wool  dusting  machine,  49. 

Wool  scouring: 
hand  method,  52. 
by  volatile  solvents,  52. 

Wool  scouring  or  washing  machin¬ 
ery,  54. 

McNaught’s,  54. 

Petrie’s,  56. 

“  Rake  ”  type  of,  60. 

“  Rocker  ”  type  of,  62. 

Ambler’s,  63. 

Wool  scouring,  utilization  of  wast 
scour,  63. 

Wool  sorting,  43. 

Wool  substitutes,  34. 

Wools,  British: 

Cheviot,  Downs,  Irish,  Welsh,  19, 
24,  32. 

Wools,  Colonial: 

Adelaide,  Cape,  New  Zealand, 
Port  Philip,  Queensland,  and 
Tasmanian. 

South  American :  Argentine 

Buenos  Ayres,  and  River  Plate, 
24-32. 


Saxony  merinos,  27. 

Worsted  carder: 

burring  appliances,  189. 
methods  of  driving,  190. 
diameters  of  rollers,  and  sets  of 
card  clothing,  191. 

Worsted  spinning,  methods  of, 
227. 
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Worsted  spinning  on  the  self  actor, 
232. 

Worsted  yarn  manufacture,  Con¬ 
tinental  system,  233. 

Worsted  yarn  manufacture  (Con¬ 
tinental  system),  blending  of 
wool  and  cotton,  238. 

Worsted  yarn  manufacture,  pro¬ 
ductive  power  ^>f  the  machin¬ 
ery  for,  245. 

Worsted  yarn,  method  of  costing, 
244. 

Worsted  yarn,  without  combing, 
243. 

Yarns,  self  actor  and  frame-spun, 
174. 

characteristic  features  of  woollen, 
worsted  cotton,  flax  and  silk, 
254. 


Yarns : 

lustre  of  worsted,  255. 
open  and  crossband,  or  left  and 
right-hand  twine,  256. 
direction  of  the  twiue  and  twill 
development,  260. 
arrangement  of  in  angle  stripe 
patterns,  262. 
fibrous  density  of,  265. 
two-fold,  268. 
three,  and  multi-fold,  272. 
fancy  twist,  273-277. 
weave  and  fabric  structure  and 
counts  of,  298. 

British  and  metric  systems  of 
counting,  591. 
tables,  592. 

“  counts,”  methods  of  changing, 
593. 
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